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pollutant concentration monitor and an O, or CO, diluent gas monitor), for measuring and
recording SO-emission rate (in Ib/mmBtu) at the outlet to the emission controls and who
uses the applicable procedures, methods, and equations such as those in EPA Method 19
in appendix A to 40 CFR part 60 to estimate the SO, emissions removal efficiency of the
emission controls, may use the following equations to estimate daily CO, mass emissions
from sorbent (in tons).

W, MW,
SE_ =F 0 ™

TN 2000 MW,
(Eq. G-6)
where,
SEc02=CO; emitted from sorbent, tons/day.
MW co2=Molecular weight of carbon dioxide (44).
MWso,=Molecular weight of sulfur dioxide (64).
Wsozx=Sulfur dioxide removed, Ib/day, as calculated below using Eq. G-7.

F,=1.0, the calcium to sulfur stoichiometric ratio.

and
%R
We, =S80, ————— Eq -7
50, 20 (100-%R) (Eg )
(Eq. G-7)
where:

WSO,= Weight of sulfur dioxide removed, lb/day.

SO20= SO, mass emissions monitored at the outlet, Ib/day, as calculated using the
equations and procedures in section 2 of appendix F of this attachment.

%R = Overall percentage SO, emissions removal efficiency, calculated using equations
such as those in EPA Method 19 in appendix A to 40 CFR part 60, and using daily
instead of annual average emission rates.

3.2 Whena sorbent material other than limestone is used, modify the equations. methods,

and procedures in section 3.1 of this appendix as follows to estimate daily CO,mass
emissions from sorbent (in tons).
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3.2.1 Determine a site-specific value for F,, defined as the ratio of the number of moles
of CO; released upon capture of one mole of SO,, using methods and procedures
satisfactory to the DEQ. Use this value of F, (instead of 1.0) in either equation G-5 or
equation G-6.

3.2.2 When using equation G-5, replace MWcaco3, the molecular weight of calcium
carbonate, with the molecular weight of the sorbent material that participates in the
reaction to capture SO; and that releases CO,, and replace Wcacos, the amount of calcium
carbonate used (in tons/day), with the amount of sorbent material used (in tons/day).

4. Procedures for Estimating Total CO, Emissions

The permittee shall use the following equation to obtain total daily CO, mass emissions
(in tons) as the sum of combustion-related emissions and sorbent-related emissions.

W= WeotSEcoz

(Eq. G-8) |

where,

W= Estimated total CO, mass emissions, tons/day.

Weop= CO;, emitted from fuel combustion, tons/day.

SEcop= CO; emitted from sorbent, tons/day.

5. Missing Data Subsﬁtution Procedures for Fuel Analytical Data

Use the following procedures to substitute for missing fuel analytical data used to
calculate CO, mass emissions under this appendix.

5.1-5.1.2[Reserved]
5.2 Missing Carbon Content Data
Use the following procedures to substitute for missing carbon content data.

5.2.1 In all cases (i.e., for weekly coal samples) when cafbon content data is missing,
report the appropriate default value from Table G—-1.

5.2.2 The missing data values in Table G—1 shall be reported whenever the results of a

required sample of fuel carbon content are either missing or invalid. The substitute data
value shall be used until the next valid carbon content sample is obtained.
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TABLE G-1. -- MISSING DATA SURSTITUTION PROCEDURES FOR MISSING
CARBON CONTENT DATA

Pargmerer Missinp dar valus
Qil and col Most secent, previous carbon conlent value available for
carban zontent | that type of voal, grade of oil, or defoult value, in this
able
(ias cavbon Most recent, previous cartv contenl value available for
cantent thar tvpe of gascaus tuel, or default yabie, 1 this table
Dezfault coal Anthracite: 90_0 percent

cebon conten:
Bituminous: 85.0 percemt

SubbiturinausLignite: 75.0 pesrart

| Defanl ol
carban content | 90.0 perseat

Defuuokt gas Nawral gas: 75.¢ percent
curbon comtent

Other gaseaus fuels: 90.0 pestent
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Appendix H to Attachment—Revised Traceability Protocol No. 1 [Reserved]
Appendix I to Attachment—Optional F—Factor/Fuel Flow Method [Reserved]

Appendix J to Attachment—Compliahce Dates for Revised Recordkeeping
Requirements and Missing Data Procedures [Reserved]

Appendix K to Attachment—Quality Assurance and Operating Procedures for
Sorbent Trap Monitoring Systems

1.0 Scope and Application

This appendix specifies sampling, and analytical, and quality-assurance criteria and
procedures for the performance-based monitoring of vapor-phase mercury (Hg)
emissions in combustion flue gas streams, using a sorbent trap monitoring system (as
defined in 40 CFR 72.2). The principle employed is continuous sampling using in-stack
sorbent media coupled with analysis of the integrated samples. The performance-based
approach of this appendix allows for use of various suitable sampling and analytical
technologies while maintaining a specified and documented level of data quality through
performance criteria. Persons using this appendix should have a thorough working
knowledge of EPA Methods 1, 2, 3, 4 and 5 in appendices A-1 through A-3 to 40 CFR
part 60, as well as the determinative technique selected for analysis.

1.1 Analytes.

The analyte measured by these procedures and specifications is total vapor-phase Hg in
the flue gas, which represents the sum of elemental Hg (Hg” , CAS Number 7439-97—6)
and oxidized forms of Hg, in mass concentration units of micrograms per dry standard
cubic meter (ugm/dscm).

1.2 Applicability.

These performance criteria and procedures are applicable to monitoring of vapor-phase
Hg emissions under relatively low-dust conditions ( i.e. , sampling in the stack after all
pollution control devices), from the CFB boilers. Individual sample collection times can
range from 30 minutes to several days in duration, depending on the Hg concentration in
the stack. The monitoring system must achieve the performance criteria specified in
Section 8 of this appendix and the sorbent media capture ability must not be exceeded.
The sampling rate must be maintained at a constant proportion to the total stack flowrate
to ensure representativeness of the sample collected. Failure to achieve certain
performance criteria will result in invalid Hg emissions monitoring data.
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2.0 Principle.

Known volumes of flue gas are extracted from a stack or duct through paired, in-stack,
pre-spiked sorbent media traps at an appropriate nominal flow rate. Collection of Hg on
the sorbent media in the stack mitigates potential loss of Hg during transport through a
probe/sample line. Paired train sampling is required to determine measurement precision
and verify acceptability of the measured emissions data. .

The sorbent traps are recovered from the sampling system, prepared for analysis, as
needed, and analyzed by any suitable determinative technique that can meet the
performance criteria. A section of each sorbent trap is spiked with Hg" prior to sampling.
This section is analyzed separately and the recovery value is used to correct the
individual Hg sample for measurement bias.

3.0 Clean Handling and Contamination.

To avoid Hg contamination of the samples, special attention should be paid to cleanliness
during transport, field handling, sampling, recovery, and laboratory analysis, as well as
during preparation of the sorbent cartridges. Collection and analysis of blank samples
(field, trip, lab) is useful in verifying the absence of contaminant Hg.

4.0 Safety.
4.1 Site hazards.

Site hazards must be thoroughly considered in advance of applying these
procedures/specifications in the field; advance coordination with the site is critical to
understand the conditions and applicable safety policies. At a minimum, portions of the
sampling system will be hot, requiring appropriate gloves, long sleeves, and caution in
handling this equipment.

4.2 Laboratory safety policies.

Laboratory safety policies should be in place to minimize risk of chemical exposure and
to properly handle waste disposal. Personnel shall wear appropriate laboratory attire
according to a Chemical Hygiene Plan established by the laboratory.

4.3 Toxicity or carcinogenicity.

The toxicity or carcinogenicity of any reagents used must be considered. Depending upon
the sampling and analytical technologies selected, this measurement may involve
hazardous materials, operations, and equipment and this appendix does not address all of
the safety problems associated with implementing this approach. It is the responsibility of

-the-user-to-establish.appropriate safety and health practices and determine the applicable

regulatory limitations prior to performance. Any chemical should be regarded as a
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potential health hazard and exposure to these compounds should be minimized. Chemists
should refer to the Material Safety Data Sheet (MSDS) for each chemical used.

4.4 Wastes.

Any wastes generated by this procedure must be disposed of according to a hazardous
materials management plan that details and tracks various waste streams and disposal
procedures. B

5.0 Egquipment and Supplies.

The following list is presented as an example of key equipment and supplies likely
required to perform vapor-phase Hg monitoring using a sorbent trap monitoring system.
It is recognized that additional equipment and supplies may be needed. Collection of
paired samples is required. Also required are a certified stack gas volumetric flow
monitor that meets the requirements of 40 CFR 75.10 and an acceptable means of
correcting for the stack gas moisture content, i.e. , either by using data from a certified

continuous moisture monitoring system or by using an approved default moisture value
(see 40 CFR 75.11(b)).

5.1 Sorbent Trap Monitoring System.

A typical sorbent trap monitoring system is shown in Figure K—1. The monitoring system
shall include the following components:
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5.1.1 Sorbent Traps.

The sorbent media used to collect Hg must be configured in a trap with three distinct and
identical segments or sections, connected in series, that are amenable to separate
analyses. Section 1 is designated for primary capture of gaseous Hg. Section 2 is
designated as a backup section for determination of vapor-phase Hg breakthrough.
Section 3 is designated for QA/QC purposes where this section shall be spiked with a
known amount of gaseous Hg" prior to sampling and later analyzed to determine recovery
efficiency. The sorbent media may be any collection material ( e.g. , carbon, chemically-
treated filter, etc.) capable of quantitatively capturing and recovering for subsequent
analysis, all gaseous forms of Hg for the intended application. Selection of the sorbent
media shall be based on the material's ability to achieve the performance criteria
contained in Section 8 of this appendix as well as the sorbent's vapor-phase Hg capture

efficiency for the emissions matrix and the expected sampling duration at the test site.

The sorbent media must be obtained from a source that can demonstrate the quality
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assurance and control necessary to ensure consistent reliability. The paired sorbent traps
are supported on a probe (or probes) and inserted directly into the flue gas stream.

5.1.2 Sampling Probe Assembly.

Each probe assembly shall have a leak-free attachment to the sorbent trap(s). Each
sorbent trap must be mounted at the entrance of or within the probe such that the gas
sampled enters the trap directly. Each probe/sorbent trap assembly must be heated to a
temperature sufficient to prevent liquid condensation in the sorbent trap(s). Auxiliary
heating is required only where the stack temperature is too low to prevent condensation.
Use a calibrated thermocouple to monitor the stack temperature. A single probe capable
of operating the paired sorbent traps may be used. Alternatively, individual probe/sorbent
trap assemblies may be used, provided that the individual sorbent traps are co-located to
ensure representative Hg monitoring and are sufficiently separated to prevent
aerodynamic interference.

5.1.3 Moisture Removal Device

A robust moisture removal device or system, suitable for continuous duty (such as a
Peltier cooler), shall be used to remove water vapor from the gas stream prior to entering
the gas flow meter.

5.1.4 Vacuum Pump.

Use a leak-tight, vacuum pump capable of operating within the candidate system's flow
range.

5.1.5 Gas Flow Meter

A gas flow meter (such as a dry gas meter, thermal mass flow meter, or other suitable
measurement device) shall be used to determine the total sample volume on a dry basis,
in units of standard cubic meters. The meter must be sufficiently accurate to measure the
total sample volume to within 2 percent and must be calibrated at selected flow rates
across the range of sample flow rates at which the sorbent trap monitoring system
typically operates. The gas flow meter shall be equipped with any necessary auxiliary
measurement devices (e.g., temperature sensors, pressure measurement devices) needed
to correct the sample volume to standard conditions.

5.1.6 Sample Flow Rate Meter and Controller.
Use a flow rate indicator and controller for maintaining necessary sampling flow rates.
5.1.7 Temperature Sensor.

Same as Section 6.1.1.7 of EPA Method 5 in appendix A-3 to 40 CFR part 60.
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5.1.8 Barometer.

Same as Section 6.1.2 of EPA Method 5 in appendix A-3 to 40 CFR part 60.
5.1.9 Data Logger (Optional).

Device for recording associated and necessary ancillary information ( e.g. , temperatures,
pressures, flow, time, etc.).

5.2 Gaseous Hg’ Sorbent Trap Spiking System.

A known mass of gaseous Hg” must be spiked onto section 3 of each sorbent trap prior to
sampling. Any approach capable of quantitatively delivering known masses of Hg0 onto
sorbent traps is acceptable. Several technologies or devices are available to meet this
objective. Their practicality is a function of Hg mass spike levels. For low levels, NIST-
certified or NIST-traceable gas generators or tanks may be suitable, but will likely require
long preparation times. A more practical, alternative system, capable of delivering almost
any mass required, makes use of NIST-certified or NIST-traceable Hg salt solutions

(e.g. , Hg(NOs),). With this system, an aliquot of known volume and concentration is
added to a reaction vessel containing a reducing agent ( e.g. , stannous chloride); the Hg
salt solution is reduced to Hg” and purged onto section 3 of the sorbent trap using an
impinger sparging system.

5.3 Sample Analysis Equipment.

Any analytical system capable of quantitatively recovering and quantifying total gaseous
Hg from sorbent media is acceptable provided that the analysis can meet the performance
criteria in Section 8 of this procedure. Candidate recovery techniques include leaching,
digestion, and thermal desorption. Candidate analytical techniques include ultraviolet
atomic fluorescence (UV AF); ultraviolet atomic absorption (UV AA), with and without
gold trapping; and in situ X-ray fluorescence (XRF) analysis.

6.0 Reagents and Standards.

Only NIST-certified or NIST-traceable calibration gas standards and reagents shall be
used for the tests and procedures required under this appendix.

7.0 Sample Collection and Transport.
7.1 Pre-Test Procedures.
7.1.1 Selection of Sampling Site.

Sampling site information should be obtained in accordance with EPA Method 1 in

appendix A~1 to 40 CFR part 60. Identify a monitoring location representative of source
Hg emissions. Locations shown to be free of stratification through measurement traverses
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for gases such as SO, and NOx may be one such approach. An estimation of the expected
stack Hg concentration is requ1red to establish a target sample flow rate, total gas sample
volume, and the mass of Hg to be spiked onto section 3 of each sorbent trap.

7.1.2 Pre-sampling Spiking of Sorbent Traps.

Based on the estimated Hg concentration in the stack, the target sample rate and the target
sampling duration, calculate the expected mass loading for section 1 of each sorbent trap
(for an example calculation, see section 11.1 of this appendix). The pre-sampling spike to
be added to section 3 of each sorbent trap shall be within £50 percent of the expected
section 1 mass loading. Spike section 3 of each sorbent trap at this level, as described in
sectlon 5.2 of this appendix. For each sorbent trap, keep an official record of the mass of
Hg" added to section 3. This record shall include, at a minimum, the ID number of the
trap, the date and time of the spike, the name of the analyst performing the procedure, the
mass of Hg? added to section 3 of the trap (ugm), and the supporting calculations. This
record shall be maintained in a format suitable for inspection and audit and shall be made
available to the regulatory agencies upon request.

7.1.3 Pre-test Leak Check

Perform a leak check with the sorbent traps in place. Draw a vacuum in each sample
train. Adjust the vacuum in the sample train to 015" Hg. Using the gas flow meter,
determine leak rate. The leakage rate must not exceed 4 percent of the target sampling
rate. Once the leak check passes this criterion, carefully release the vacuum in the sample
train then seal the sorbent trap inlet until the probe is ready for insertion into the stack or
duct.

7.1.4 Determination of Flue Gas Characteristics.

Determine or measure the flue gas measurement environment characteristics (gas
temperature, static pressure, gas velocity, stack moisture, etc.) in order to determine
ancillary requirements such as probe heating requirements (if any), initial sample rate,
proportional sampling conditions, moisture management, etc.

7.2 Sample Collection.

7.2.1 Remove the plug from the end of each sorbent trap and store each plug in a clean
sorbent trap storage container. Remove the stack or duct port cap and insert the probe(s).

Secure the probe(s) and ensure that no leakage occurs between the duct and environment.

7.2.2 Record initial data including the sorbent trap ID, start time, starting dry gas meter
readings, initial temperatures, set-points, and any other appropriate information.
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7.2.3 Flow Rate Control

Set the initial sample flow rate at the target value from section 7.1.1 of this appendix.
Record the initial gas flow meter reading, stack temperature (if needed to convert to
standard conditions), meter temperatures (if needed), etc. Then, for every operating hour
during the sampling period, record the date and time, the sample flow rate, the gas flow
meter reading, the stack temperature (if needed), the flow meter temperatures (if needed),
temperatures of heated equipment such as the vacuum lines and the probes (if heated),
and the sampling system vacuum readings. Also, record the stack gas flow rate, as
measured by the certified flow monitor, and the ratio of the stack gas flow rate to the
sample flow rate. Adjust the sampling flow rate to maintain proportional sampling, i.e.,
keep the ratio of the stack gas flow rate to sample flow rate constant, to within £25
percent of the reference ratio from the first hour of the data collection period (see section
11 of this appendix). The sample flow rate through a sorbent trap monitoring system
during any hour (or portion of an hour) in which the unit is not operating shall be zero.

7.2.4 Stack Gas Moisture Determination.

Determine stack gas moisture using a continuous moisture monitoring system, as
described in 40 CFR 75.11(b). Alternatively, the permittee may use the appropriate fuel-
specific moisture default value provided in 40 CFR 75.11, or a site-specific moisture
default value approved by petition under 40 CFR 75.66.

7.2.5 Essential Operating Data

Obtain and record any essential operating data for the facility during the test period, e.g.,
the barometric pressure for correcting the sample volume measured by a dry gas meter to
standard conditions. At the end of the data collection period, record the final gas flow
meter reading and the final values of all other essential parameters.

7.2.6 Post Test Leak Check.

When sampling is completed, turn off the sample pump, remove the probe/sorbent trap
from the port and carefully re-plug the end of each sorbent trap. Perform a leak check
with the sorbent traps in place, at the maximum vacuum reached during the sampling
period. Use the same general approach described in section 7.1.3 of this appendix.
Record the leakage rate and vacuum. The leakage rate must not exceed 4 percent of the
average sampling rate for the data collection period. Following the leak check, carefully
release the vacuum in the sample train.

7.2.7 Sample Recovery.
Recover each sampled sorbent trap by removing it from the probe, sealing both ends.

— - —__ Wipe any deposited material from the outside of the sorbent trap. Place the sorbent trap
into an appropriate sample storage container and store/preserve in appropriate manner.
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7.2.8 Sample Preservation, Storage, and Transport.

While the performance criteria of this approach provide for verification of appropriate
sample handling, it is still important that the user consider, determine, and plan for
suitable sample preservation, storage, transport, and holding times for these
measurements. Therefore, procedures in ASTM D6911-03 “Standard Guide for
Packaging and Shipping Environmental Samples for Laboratory Analysis” (incorporated
by reference, see 40 CFR 75.6) shall be followed for all samples.

7.2.9 Sample Custody.

Proper procedures and documentation for sample chain of custody are critical to ensuring
data integrity. The chain of custody procedures in ASTM D4840-99 (reapproved 2004)
“Standard Guide for Sample Chain-of-Custody Procedures” (incorporated by reference,
see 40 CFR 75.6) shall be followed for all samples (including field samples and blanks).

8.0 Quality Assurance and Quality Control.

Table K~1 summarizes the QA/QC performance criteria that are used to validate the Hg
emissions data from sorbent trap monitoring systems, including the relative accuracy test
audit (RATA) requirement (see 40 CFR 75.20(c)(9), section 6.5.7 of appendix A to this
attachment, and section 2.3 of appendix B to this attachment). Except as provided in 40
CFR 75.15(h) and as otherwise indicated in Table K—1, failure to achieve these
performance criteria will result in invalidation of Hg emissions data.

Table K—1.—Quality Assurance/Quality Control Criteria for Sorbent Trap
Monitoring Systems

QA/QC test or Consequences if not
specification | Acceptance criteria Frequency met

Pre-test leak  [<4% of target sampling |Prior to sampling Sampling shall not

check rate commence until the

leak check is passed.

Post-test leak  [<4% of average sampling|After sampling ** See Note , below.
check rate

Ratio of stack [No more than 5% of the [Every hour throughout [** See Note , below.
gas flow rate to [hourly ratios or 5 hourly |data collection period
sample flow  [ratios (whichever is less
rate restrictive) may deviate
from the reference ratio
by more than + 25%
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QA/QC test or Consequences if not
specification | Acceptance criteria Frequency met

Sorbent trap  {<5% of Section 1 Hg Every sample ** See Note , below.

section 2 break-|mass

through

Paired sorbent
trap agreement

<10% Relative Deviation
(RD) if the average
concentration is > 1.0
pg/m’

< 20% RD if the average
concentration 1s < 1.0
ng/m’

Results are also
acceptable if absolute
difference between
concentrations from
paired traps is < 0.03
ug/m’

Every sample

Either invalidate the
data from the paired
traps or report the
results from the trap
with the higher Hg
concentration.

Spike RecoverylAverage recovery Prior to analyzing field [Field samples shall not

Study between 85% and 115% |samples and prior to  |be analyzed until the
for each of the 3 spike  Juse of new sorbent percent recovery
concentration levels media criteria has been met

Multipoint Each analyzer reading  |On the day of analysis, [Recalibrate until

analyzer within = 10% of true before analyzing any  |successful.

calibration value and 1> 0.99 field samples

Analysis of Within + 10% of true  [Following daily Recalibrate and repeat

independent  |value calibration, prior to independent standard

calibration analyzing field samplesjanalysis until

standard successful.

Spike recovery
from section 3
of sorbent trap

75-125% of spike
amount .

Every sample

** See Note , below.

RATA

RA <20.0% or Mean
difference < 1.0 ug/dscm

for low emitters

For 1nitial certification
and annually thereafter

Data from the system
are invalidated until a

RATA is passed.
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QA/QC test or Consequences if not
specification | Acceptance criteria Frequency met
Gas flow meter |Calibration factor (Y)  |At three settings prior [Recalibrate the meter
calibration within + 5% of average |to initial use and at at three orifice settings
value from the most least quarterly at one  |to determine a new

recent 3-point calibration [setting thereafter. For |value of Y.
mass flow meters,
initial calibration with
stack gas is required

Temperature  [Absolute temperature  |Prior to initial use and [Recalibrate. Sensor

Sensor measured by sensor at least quarterly may not be used until
calibration within + 1.5% of a thereafter specification is met.
reference sensor
Barometer Absolute pressure Prior to initial use and [Recalibrate. Instrument
calibration measured by instrument |at least quarterly may not be used until
within + 10 mm Hg of [thereafter specification is met.
reading with a mercury
barometer

**Note: If both traps fail to meet the acceptance criteria, the data from the pair of traps
are invalidated. However, if only one of the paired traps fails to meet this particular
acceptance criterion and the other sample meets all of the applicable QA criteria, the
results of the valid trap may be used for reporting under this attachment, provided that the
measured Hg concentration is multiplied by a factor of 1.111. When the data from both
traps are invalidated and quality-assured data from a certified backup monitoring system,
reference method, or approved alternative monitoring system are unavailable, missing
data substitution must be used.

9.0 Calibration and Standardization.

9.1 Only NIST-certified and NIST-traceable calibration standards (i.e., calibration gases,
solutions, etc.) shall be used for the spiking and analytical procedures in this appendix.

9.2 Gas Flow Meter Calibration

9.2.1 Preliminaries. The manufacturer or supplier of the gas flow meter should perform
all necessary set-up, testing, programming, etc., and should provide the end user with any
necessary instructions, to ensure that the meter will give an accurate readout of dry gas
volume in standard cubic meters for the particular field application.

9.2.2 Initial Calibration. Prior to its initial use, a calibration of the flow meter shall be
performed. The initial calibration may be done by the manufacturer, by the equipment
supplier, or by the end user. [f the flow meter is volumetric in nature (e.g., a dry gas
meter), the manufacturer, equipment supplier, or end user may perform a direct
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volumetric calibration using any gas. For a mass flow meter, the manufacturer,
equipment supplier, or end user may calibrate the meter using a bottled gas mixture
containing 12 £ 0.5% CO,, 7£ 0.5% 0,, and balance N, or these same gases in
proportions more representative of the expected stack gas composition. Mass flow meters
may also be initially calibrated on-site, using actual stack gas.

9.2.2.1 Initial Calibration Procedures. Determine an average calibration factor (Y) for the
gas flow meter, by calibrating it at three sample flow rate settings covering the range of
sample flow rates at which the sorbent trap monitoring system typically operates. You
may either follow the procedures in section 10.3.1 of EPA Method 5 in appendix A-3 to
40 CFR part 60 or the procedures in section 16 of EPA Method 5 in appendix A-3 to 40
CFR part 60. If a dry gas meter is being calibrated, use at least five revolutions of the
meter at each flow rate.

9.2.2.2 Alternative Initial Calibration Procedures. Alternatively, you may perform the
initial calibration of the gas flow meter using a reference gas flow meter (RGEFM). The
RGFM may either be: (1) A wet test meter calibrated according to section 10.3.1 of EPA
Method 5 in appendix A~3 to 40 CFR part 60; (2) a gas flow metering device calibrated
at multiple flow rates using the procedures in section 16 of EPA Method 5 in appendix
A-3 to 40 CFR part 60; or (3) a NIST-traceable calibration device capable of measuring
volumetric flow to an accuracy of 1 percent. To calibrate the gas flow meter using the
RGFM, proceed as follows: While the sorbent trap monitoring system is sampling the
actual stack gas or a compressed gas mixture that simulates the stack gas composition (as
applicable), connect the RGFM to the discharge of the system. Care should be taken to
minimize the dead volume between the sample flow meter being tested and the RGFM.
Concurrently measure dry gas volume with the RGFM and the flow meter being
calibrated the for a minimum of 10 minutes at each of three flow rates covering the
typical range of operation of the sorbent trap monitoring system. For each 10-minute (or
longer) data collection period, record the total sample volume, in units of dry standard
cubic meters (dscm), measured by the RGFM and the gas flow meter being tested.

9.2.2.3 Initial Calibration Factor. Calculate an individual calibration factor Yi at each
tested flow rate from section 9.2.2.1 or 9.2.2.2 of this appendix (as applicable), by taking
the ratio of the reference sample volume to the sample volume recorded by the gas flow
meter. Average the three Yi values, to determine Y, the calibration factor for the flow
meter. Each of the three individual values of Yi must be within £0.02 of Y. Except as
otherwise provided in sections 9.2.2.4 and 9.2.2.5 of this appendix, use the average Y
value from the three level calibration to adjust all subsequent gas volume measurements
made with the gas flow meter. '

9.2.2.4 Initial On-Site Calibration Check. For a mass flow meter that was initially
calibrated using a compressed gas mixture, an on-site calibration check shall be
performed before using the flow meter to provide data for this attachment. While
sampling stack gas, check the calibration of the flow meter at one intermediate flow rate
typical of normal operation of the monitoring system. Follow the basic procedures in
section 9.2.2.1 or 9.2.2.2 of this appendix. If the on-site calibration check shows that the
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value of Yi, the calibration factor at the tested flow rate, differs by more than 5 percent
from the value of Y obtained in the initial calibration of the meter, repeat the full 3-level
calibration of the meter using stack gas to determine a new value of Y, and apply the new
Y value to all subsequent gas volume measurements made with the gas flow meter. -

9.2.2.5 Ongoing Quality Assurance. Recalibrate the gas flow meter quarterly at one
intermediate flow rate setting representative of normal operation of the monitoring
system. Follow the basic procedures in section 9.2.2.1 or 9.2.2.2 of this appendix. If a
quarterly recalibration shows that the value of Yi, the calibration factor at the tested flow
rate, differs from the current value of Y by more than 5 percent, repeat the full 3-level

“calibration of the meter to determine a new value of Y, and apply the new Y value to all
subsequent gas volume measurements made with the gas flow meter.

9.3 Thermocouples and Other Temperature Sensors.

Use the procedures and criteria in Section 10.3 of EPA Method 2 in appendix A-1 to 40
CFR part 60 to calibrate in-stack temperature sensors and thermocouples. Dial
thermometers shall be calibrated against mercury-in-glass thermometers. Calibrations
must be performed prior to initial use and at least quarterly thereafter. At each calibration
point, the absolute temperature measured by the temperature sensor must agree to within
+1.5 percent of the temperature measured with the reference sensor, otherwise the sensor
may not continue to be used.

9.4 Barometer.

Calibrate against a mercury barometer. Calibration must be performed prior to initial use
and at least quarterly thereafter. At each calibration point, the absolute pressure measured
by the barometer must agree to within 10 mm Hg of the pressure measured by the
mercury barometer, otherwise the barometer may not continue to be used.

9.5 Other Sensors and Gauges.

Calibrate all other sensors and gauges according to the procedures specified by the
instrument manufacturer(s).

9.6 Analytical System Calibration.

See section 10.1 of this appendix.

10.0 Analytical Procedures.

The analysis of the Hg samples may be conducted using any instrument or technology

capable of quantifying total Hg from the sorbent media and meeting the performance
criteria in section § of this appendix.

146




Attachment: Mercury Monitoring Provisions

10.1 Analyzer‘ System Calibration.

Perform a multipoint calibration of the analyzer at three or more upscale points over the
desired quantitative range (multiple calibration ranges shall be calibrated, if necessary).
The field samples analyzed must fall within a calibrated, quantitative range and meet the
necessary performance criteria. For samples that are suitable for aliquotting, a series of
dilutions may be needed to ensure that the samples fall within a calibrated range.
However, for sorbent media samples that are consumed during analysis ( e.g., thermal
desorption techniques), extra care must be taken to ensure that the analytical system is
appropriately calibrated prior to sample analysis. The calibration curve range(s) should be
determined based on the anticipated level of Hg mass on the sorbent media. Knowledge
of estimated stack Hg concentrations and total sample volume may be required prior to
analysis. The calibration curve for use with the various analytical techniques (e.g., UV
AA, UV AF, and XRF) can be generated by directly introducing standard solutions into
the analyzer or by spiking the standards onto the sorbent media and then introducing into
the analyzer after preparing the sorbent/standard according to the particular analytical
technique. For each calibration curve, the value of the square of the linear correlation
coefficient, i.e., r* , must be > 0.99, and the analyzer response must be within 10 percent
of reference value at each upscale calibration point. Calibrations must be performed on
the day of the analysis, before analyzing any of the samples. Following calibration, an
independently prepared standard (not from same calibration stock solution) shall be
analyzed. The measured value of the independently prepared standard must be within =10
percent of the expected value.

10.2 Sample Preparation.

Carefully separate the three sections of each sorbent trap. Combine for analysis all
materials associated with each section, i.e., any supporting substrate that the sample gas
passes through prior to entering a media section ( e.g., glass wool, polyurethane foam,
etc.) must be analyzed with that segment.

10.3 Spike Recovery Study.

Before analyzing any field samples, the laboratory must demonstrate the ability to
recover and quantify Hg from the sorbent media by performing the following spike
recovery study for sorbent media traps spiked with elemental mercury.

Using the procedures described in sections 5.2 and 11.1 of this appendix, spike the third
section of nine sorbent traps with gaseous Hg' , i.e., three traps at each of three different
mass loadings, representing the range of masses anticipated in the field samples. This will
yield a 3 x 3 sample matrix. Prepare and analyze the third section of each spiked trap,
using the techniques that will be used to prepare and analyze the field samples. The
average recovery for each spike concentration must be between 85 and 115 percent. If
_multiple types of sorbent media are to be analyzed, a separate spike recovery study is

required for each sorbent material. If multlple ranges are calibrated, a separate spike
recovery study is required for each range.
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10.4 Field Sample Analysis

Analyze the sorbent trap samples following the same procedures that were used for
conducting the spike recovery study. The three sections of each sorbent trap must be
analyzed separately (i.e., section 1, then section 2, then section 3). Quantify the total mass
of Hg for each section based on analytical system response and the calibration curve from
section 10.1 of this appendix. Determine the spike recovery from sorbent trap section 3.
The spike recovery must be no less than 75 percent and no greater than 125 percent. To
report the final Hg mass for each trap, add together the Hg masses collected in trap
sections 1 and 2.

11.0 Calculations and Data Analysis.

11.1 Calculation of Pre-Sampling Spiking Level.

Determine sorbent trap section 3 spiking level using estimates of the stack Hg
concentration, the target sample flow rate, and the expected sample duration. First,
calculate the expected Hg mass that will be collected in section 1 of the trap. The pre-
sampling spike must be within £50 percent of this mass. Example calculation: For an
estimated stack Hg concentration of 5 pgm/m’ , a target sample rate of 0.30 L/min, and a
sample duration of 5 days:

(0.30 L/min) (1440 min/day) (5 days) (10~°m’ /liter) (5pugm/m> ) = 10.8 ugm

A pre-sampling spike of 10.8 pgm +50 percent is, therefore, appropriate.

11.2 Calculations for Flow-Proportional Sampling.

For the first hour of the data collection period, determine the reference ratio of the stack
gas volumetric flow rate to the sample flow rate, as follows:

Ry - Xt (5q RY)
me

Where:
R.e= Reference ratio of hourly stack gas flow rate to hourly sample flow rate

Q= Average stack gas volumetric flow rate for first hour of collection period, adjusted
for bias, if necessary, according to section 7.6.5 of appendix A to this attachment, (scfh)

Frr= Average sample flow rate for first hour of the collection period, in appropriate units
(e.g., liters/min, cc/min, dscm/min)
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K = Power of ten multiplier, to keep the value of Rr.rbetween 1.and 100. The appropriate
K value will depend on the selected units of measure for the sample flow rate.

Then, for each subsequent hour of the data collection period, calculate ratio of the stack
gas flow rate to the sample flow rate using the equation K-2:

-2 @ixy

k
Where:
Ry= Ratio of hourly stack gas flow rate to hourly sample flow rate

Qn= Average stack gas volumetric flow rate for the hour, adjusted for bias, if necessary,
according to section 7.6.5 of appendix A to this attachment, (scth)

Fi= Average sample flow rate for the hour, in appropriate units ( e.g., liters/min, cc/min,
dscm/min)

K = Power of ten multiplier, to keep the value of R, between 1 and 100. The appropriate
K value will depend on the selected units of measure for the sample flow rate and the
range of expected stack gas flow rates.

Maintain the value of Ry, within +25 percent of Resthroughout the data collection period.

11.3 Calculation of Spike Recovery.

Calculate the percent recovery of each section 3 spike, as follows:

M
%R ="2x100 K3
o= (Eq. K-3)

5
Where:

%R = Percentage recovery of the pre-sampling spike

M;= Mass of Hg recovered from section 3 of the sorbent trap, (ngm)

M= Calculated Hg mass of the pre-sampling spike, from section 7.1.2 of this appendix,
(ugm)

11.4 Calculation bf Breakthrough.

Calculate the percent breakthrough to the second section of the sorbent trap, as follows:
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wi=1x100  (€q K4
Ml

Where:

%B = Percent breakthrough

M,= Mass of Hg recovered from section 2 of the sorbent trap, (ugm)
M= Mass of Hg recovered from séction 1 of the sorbent trap, (ugm)
11.5 [Reserved]

11.6 Calculation of Hg Concentration

Calculate the Hg concentration for each sorbent trap, using the following equation:

5

C= (Eq. K-5)

v

Where:
C = Concentration of Hg for the collection period, (ngm/dscm)
M’ = Total mass of Hg recovered from sections 1 and 2 of the sorbent trap, (j1g)

Vt= Total volume of dry gas metered during the collection period, (dscm). For the
purposes of this appendix, standard temperature and pressure are defined as 20 °C and

760 mm Hg, respectively.
11.7 Calculation of Paired Trap Agreeement

Calculate the relative deviation (RD) between the Hg concentrations measured with the
paired sorbent traps:

£, -Cy|
= 00 K-
RD C‘+C‘XI (Eq K-6)

Where:
RD = Relative deviation between the Hg concentrations from traps “a” and “b” (percent)
Ca= Concentration of Hg for the collection period, for sorbent trap “a” (ugm/dscm)

Cb= Concentration of Hg for the collection period, for sorbent trap “b” (ngm/dscm)
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11.8 Calculation of Hg Mass Emissions.

To calculate Hg mass emissions, follow the procedures in section 9.1 .2 of appendix F to
this attachment. Use the average of the two Hg concentrations from the paired traps in the
calculations, except as provided in 40 CFR 75.15(h) or in Table K-1.

12.0 Method Performance.
These monitoring criteria and procedures have been applied to coal-fired utility boilers

(including units with post-combustion emission controls), having vapor-phase Hg
concentrations ranging from 0.03 pgm/dscm to 100 pgm/dscm.
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Title 40: Protection of Environment
PART 63—NATIONAL EMISSION STANDARDS FOR HAZARDQUS AIR POLLUTANTS FOR SOURCE
CATEGORIES

Subpart A—General Provisions
Source: 59 FR 12430, Mar. 16, 1994, unless otherwise noted.
§ 63.1 Applicability.

(a) General. (1) Terms used throughout this part are defined in §63.2 or in the Clean Air Act (Act) as
amended in 1990, except that individual subparts of this part may include specific definitions in addition to or
that supersede definitions in §63.2.

(2) This part contains national emission standards for hazardous air pollutants (NESHAP) established
pursuant to section 112 of the Act as amended November 15, 1990. These standards regulate specific
categories of stationary sources that emit (or have the potential to emit) one or more hazardous air
poliutants listed in this part pursuant to section 112(b) of the Act. This section explains the applicability of
such standards to sources affected by them. The standards in this part are independent of NESHAP
contained in 40 CFR part 61. The NESHAP in part 61 promulgated by signature of the Administrator before
November 15, 1990 (i.e., the date of enactment of the Clean Air Act Amendments of 1990) remain in effect
until they are amended, if appropriate, and added to this part.

(3) No emission standard or other requirement established under this part shall be interpreted, construed, or
applied to diminish or replace the requirements of a more stringent emission limitation or other appiicable
requirement established by the Administrator pursuant to other authority of the Act (section 111, part C or D
or any other authority of this ‘Act), or a standard issued under State authority. The Administrator may specify
in a specific standard under this part that facilities subject to other provisions under the Act need only
comply with the provisions of that standard. '

(4)(i) Each relevant standard in this part 63 must identify explicitly whether each provision in this subpart A is
or is not included in such relevant standard.

(i) If a relevant part 63 standard incorporates the requirements of 40 CFR part 60, part 61 or other part 63
standards, the relevant part 63 standard must identify expiicitly the applicability of each corresponding part
60, part 61, or other part 63 subpart A (General) provision.

(iiiy The General Provisions in this subpart A do not apply to regulations developed pursuant to section
112(r) of the amended Act, unless otherwise specified in those regulations.

(5) [Reserved)]

(6) To obtain the most current list of categories of sources to be regulated under section 112 of the Act, or to
obtain the most recent regulation promuigation schedule established pursuant to section 112(e) of the Act,
contact the Office of the Director, Emission Standards Division, Office of Air Quality Planning and Standards,
U.S. EPA (MD-13), Research Triangle Park, North Carolina 27711.

(7)~(9) [Reserved)

(10) For the purposes of this part, time periods specified in days shall be measured in calendar days, even if
the word “"calendar” is absent, uniess otherwise specified in an applicable requirement.

(11) For the purposes of this part, if an explicit postmark deadline is not specified in an applicable
requirement for the submittal of a notification, application, test plan, report, or other written communication to
the Administrator, the owner or operator shall postmark the submittal on or before the number of days
specified in the applicable requirement. For example, if a notification must be submitted 15 days before a
particular event is scheduled to take place, the notification shall be postmarked on or before 15 days



preceding the event; likewise, if a notification must be submitted 15 days after a particular event takes place,
the notification shall be postmarked on or before 15 days following the end of the event. The use of reliable
non-Government mail carriers that provide indications of verifiable delivery of information requiréd to be
submitted to the Administrator, similar to the postmark provided by the U.S. Postal Service, or alternative
means of delivery agreed to by the permitting authority, is acceptable.

(12) Notwithstanding time periods or postmark deadlines specified in this part for the submittal of information
to the Administrator by an owner or operator, or the review of such information by the Administrator, such
time periods or deadlines may be changed by mutual agreement between the owner or operator and the
Administrator. Procedures governing the implementation of this provision are specified in §63.9(i).

(b) Initial applicability determination for this part. (1) The provisions of this part apply to the owner or
operator of any stationary source that—

(i) Emits or has the potential to emit any hazardous air pollutant listed in or pursuant to section 112(b) of the
Act; and

(ii) Is subject to any standard, limitation, prohibition, or other federally enforceable requirement established
pursuant to this part.

(2) [Reserved]

(3) An owner or operator of a stationary source who is in the relevant source category and who determines
that the source is not subject to a relevant standard or other requirement established under this part must
keep a record as specified in §63.10(b)(3). '

(c) Applicability of this part after a relevant standard has been set under this part. (1) If a relevant standard
has been established under this part, the owner or operator of an affected source must comply with the
provisions of that standard and of this subpart as provided in paragraph (a)(4) of this section.

(2) Except as provided in §63.10(b)(3), if a relevant standard has been established under this part, the
owner or operator of an affected source may be required to obtain a title V permit from a permitting authority
in the State in which the source is located. Emission standards promulgated in this part for area sources
pursuant to section 112(c)(3) of the Act will specify whether—

(i) States will have the option to exclude area sources affected by that standard frbm the requirement to
obtain a title V permit (i.e., the standard will exempt the category of area sources altogether from the
permitting requirement);

(i) States will have the option to defer permitting of area sources in that category until the Administrator
takes rulemaking action to determine applicability of the permitting requirements; or

(iii) If a standard fails to specify what the permitting requirements will be for area sources affected by such a
standard, then area sources that are subject to the standard will be subject to the requirement o obtain a
titte V permit without any deferral.

(3)~(4) [Reserved]

(5) If an area source that otherwise would be subject to an emission standard or other requirement
established under this part if it were a major source subsequently increases its emissions of hazardous air
pollutants (or its potential to emit hazardous air pollutants) such that the source is a major source that is
subject to the emission standard or other requirement, such source also shall be subject to the notification
requirements of this subpart.

(d) [Reserved]



(e) If the Administrator promulgates an emission standard under section 112(d) or (h) of the Act that is
applicable to a source subject to an emission limitation by permit established under section 112(j) of the Act,
and the requirements under the section 112(j) emission limitation are substantially as effective as the
promuigated emission standard, the owner or operator may request the permitting authority to revise the
source's title V permit to reflect that the emission limitation in the permit satisfies the requirements of the
promulgated emission standard. The process by which the permitting authority determines whether the
section 112(j) emission limitation is substantially as effective as the promulgated emission standard must
include, consistent with part 70 or 71 of this chapter, the opportunity for full public, EPA, and affected State
review (including the opportunity for EPA's objection) prior to the permit revision being finalized. A negative
determination by the permitting authority constitutes final action for purposes of review and appeal under the
applicable title V operating permit program.

{59 FR 12430, Mar. 16, 1994, as amended at 67 FR 16595, Apr. 5, 2002]

§ 63.2 Definitions.

The terms used in this part are defined in the Act or in this section as follows:

Act means the Ciean Air Act (42 U.S.C. 7401 et seq ., as amended by Pub. L. 101-548, 104 Stat. 2399).

Actual emissions is defined in subpart D of this part for the purpose of granting a compliance extension for
an early reduction of hazardous air poflutants. '

Administrator means the Administrator of the United States Environmental Protection Agency or his or her
authorized representative (e.g., a State that has been delegated the authority to implement the provisions of
this part).

Affected source, for the purposes of this part, means the collection of equipment, activities, or both within a
single contiguous area and under common control that is included in a section 112(c) source category or
subcategory for which a section 112(d) standard or other relevant standard is established pursuant to
section 112 of the Act. Each relevant standard will define the “affected source,” as defined in this paragraph
unless a different definition is warranted based on a published justification as to why this definition would
result in significant administrative, practical, or implementation problems and why the different definition
would resolve those problems. The term “affected source,” as used in this part, is separate and distinct from
any other use of that term in EPA regulations such as those implementing title IV of the Act. Affected source
may be defined differently for part 63 than affected facility and stationary source in parts 60 and 61,
respectively. This definition of “affected source,” and the procedures for adopting an alternative definition of
“affected source,” shall apply to each section 112(d) standard for which the initial proposed rule is signed by
the Administrator after June 30, 2002.

Alternative emission limitation means conditions established pursuant to sections 112(i)(5) or 112(i)(6) of the
Act by the Administrator or by a State with an approved permit program.

Alternative emission standard means an alternative means of emission limitation that, after notice and
opportunity for public comment, has been demonstrated by an owner or operator to the Administrator's
satisfaction to achieve a reduction in emissions of any air poliutant at least equivalent to the reduction in
emissions of such pollutant achieved under a relevant design, equipment, work practice, or operational
emission standard, or combination thereof, established under this part pursuant to section 112(h) of the Act.

Altemative test method means any method of sampling and analyzing for an air poilutant that is not a test
method in this chapter and that has been demonstrated to the Administrator's satisfaction, using Method 301
in Appendix A of this part, to produce results adequate for the Administrator's determination that it may be
used in place of a test method specified in this part.

Approved permit program means a State permit program approved by the Administrator as meeting the
requirements of part 70 of this chapter or a Federal permit program established in this chapter pursuant to
titte V of the Act (42 U.S.C. 7661).



Area source means any stationary source of hazardous air pollutants that is not a major source as defined in
this part. : : :

Commenced means, with respect to construction or reconstruction of an affected source, that an owner or
operator has undertaken a continuous program of construction or reconstruction or that an owner or
operator has entered into a contractual obligation to undertake and complete, within a reasonable time, a
continuous program of construction or reconstruction.

Compliance date means the date by which an affected source is required to be in compliance with a relevant
standard, limitation, prohibition, or any federally enforceable requirement established by the Administrator
(or a State with an approved permit program) pursuant to section 112 of the Act.

Compliance schedule means: (1) In the case of an affected source that is in compliance with all applicable

requirements established under this part, a statement that the source will continue to comply with such
requirements; or

(2) In the case of an affected source that is required to comply with applicable requirements by a future date,
a statement that the source will meet such requirements on a timely basis and, if required by an applicable -
requirement, a detailed schedule of the dates by which each step toward compliance will be reached; or

(3) In the case of an affected source not in compliance with all applicable requirements established under
this part, a schedule of remedial measures, including an enforceable sequence of actions or operations with
milestones and a schedule for the submission of certified progress reports, where applicable, leading to
compliance with a relevant standard, limitation, prohibition, or any federally enforceabie requirement
established pursuant to section 112 of the Act for which the affected source is not in compliance. This
compliance schedule shall resembie and be at least as stringent as that contained in any judicial consent
decree or administrative order to which the source is subject. Any such schedule of compliance shall be

supplemental to, and shall not sanction noncompliance with, the applicable requirements on which it is
based.

Construction means the on-site fabrication, erection, or installation of an affected source. Construction does
not include the removal of all equipment comprising an affected source from an existing location and
reinstaliation of such equipment at a new location. The owner or operator of an existing affected source that
is relocated may elect not to reinstall minor ancillary equipment including, but not iimited to, piping,
ductwork, and valves. However, removal and reinstallation of an affected source will be construed as
reconstruction if it satisfies the criteria for reconstruction as defined in this section. The costs of replacing
minor anciltary equipment must be considered in determining whether the existing affected source is
reconstructed. .

Continuous emission monitoring system (CEMS) means the total equipment that may be required to meet
the data acquisition and availability requirements of this part, used to sample, condition (if applicable),
analyze, and provide a record of emissions.

Continuous monitoring system (CMS) is a comprehensive term that may include, but is not limited to,
continuous emission monitoring systems, continuous opacity monitoring systems, continuous parameter
monitoring systems, or other manual or automatic monitoring that is used for demonstrating compliance with
an applicable regulation on a continuous basis as defined by the regulation.

Continuous opacity monitoring system (COMS) means a continuous monitoring system that measures the
opacity of emissions.

Continuous parameter monitoring system means the total equipment that may be required to meet the data
acquisition and availability requirements of this part, used to sample, condition (if applicable), analyze, and
provide a record of process or control system parameters.

Effective date means:



(1) With regard to an emission standard established under this part, the date of promulgation in theFederal
Reqisterof such standard; or

(2) With regard to an alternative emission limitation or equivalent emission limitation determined by th‘e .
Administratar (or a State with an approved permit program), the date that the alternative emission limitation
or equivalent emission limitation becomes effective according to the provisions of this part.

Emission standard means a national standard, limitation, prohibition, or other regulation promulgated in a
subpart of this part pursuant to sections 112(d), 112(h), or 112(f) of the Act.

Emissions averaging is a way to comply with the emission limitations specified in a relevant standard,
whereby an affected source, if allowed under a subpart of this part, may create emission credits by reducing
emissions from specific points to a level below that required by the relevant standard, and those credits are
used to offset emissions from points that are not controlied to the level required by the relevant standard.

EPA means the United States Environmental Protection Agency.

Equivalent emission limitation means any maximum achievable control technology emission limitation or
requirements which are applicable to a major source of hazardous air pollutants and are adopted by the

Administrator (or a State with an approved permit program) on a case-by-case basis, pursuant to section
112(g) or (j) of the Act.

Excess emissions and continuous monitoring system performance report is a report that must be submitted
periodically by an affected source in order to provide data on its compliance with relevant emission limits,
operating parameters, and the performance of its continuous parameter monitoring systems.

Existing source means any affected source that is not a new source.

Federally enforceable means all limitations and conditions that are enforceable by the Administrator and
citizens under the Act or that are enforceable under other statutes administered by the Administrator.
Examples of federally enforceable limitations and conditions include, but are not limited to:

(1) Emission standards, alternative emission standards, alternative emission limitations, and equivalent
emission limitations established pursuant to section 112 of the Act as amended in 1990;

(2) New source performance standards established pursuant to section 111 of the Act, and emission
standards established pursuant to section 112 of the Act before it was amended in 1990;

(3) All terms and conditions in a titie V permit, including any provisions that limit a source's potential to emit,
unless expressly designated as not federally enforceable;

(4) Limitations and conditions that are part of an approved State Implementation Plan (SIP) or a Federal
Implementation Pian (FIP);

(5) Limitations and conditions that are part of a Federal construction permit issued under 40 CFR 52.21 or
any construction permit issued under regulations approved by the EPA in accordance with 40 CFR part 51;

(6) Limitations and conditions that are part of an operating permit where the permit and the permitting
program pursuant to which it was issued meet all of the following criteria:

() The operating permit program has been submitted to and approved by EPA into a State implementation
plan (SIP) under section 110 of the CAA;

(i) The SIP imposes a legal obligation that operating permit holders adhere to the terms and limitations of
such permits and provides that permits which do not conform to the operating permit program requirements
and the requirements of EPA's underlying regulations may be deemed not “federally enforceable” by EPA;



(iii) The operating permit program requires that all emission limitations, controls, and ather requirements
imposed by such permits will be at least as stringent as any other applicable limitations and requirements
contained in the SIP or enfarceable under the SIP, and that the program may not issue permits that waive,
or make less stringent, any limitations or requirements contained in or issued pursuant to the SIP, or that are
otherwise “federaily enforceable”;

(iv) The limitations, controls, and requirements in the permit in qUestion are permanent, quantifiable, and
otherwise enforceable as a practical matter; and

(v) The permit in question was issued only after adequate and timely notice and opportunity for comment for
EPA and the public.

(7) Limitations and conditions in a State rule or program that has been approved by the EPA under subpart
E of this part for the purposes of implementing and enforcing section 112; and

(8) Individual consent agreements that the EPA has legal authority to create.
Fixed capital cost means the capital needed to provide all the depreciable components of an existing source.

Force majeure means, for purposes of §63.7, an event that will be or has been caused by circumstances
beyond the control of the affected facility, its contractors, or any entity controlled by the affected facility that
prevents the owner or operator from complying with the regulatory requirement to conduct performance tests
within the specified timeframe despite the affected facility's best efforts to fulfill the obligation. Examples of
such events are acts of nature, acts of war or terrorism, or equipment failure or safety hazard beyond the
control of the affected facility.

Fugitive emissions means those emissions from a stationary source that could not reasonably pass through
a stack, chimney, vent, or other functionally equivalent opening. Under section 112 of the Act, all fugitive
emissions are to be considered in determining whether a stationary source is a major source.

Hazardous air pollutant means any air poflutant listed in or pursuant to section 112(b) of the Act.

Issuance of a part 70 permit will occur, if the State is the permitting authority, in accordance with the
requirements of part 70 of this chapter and the applicable, approved State permit program. When the EPA is
the permitting authority, issuance of a title V permit occurs immediately after the EPA takes final action on
the final permit.

Major source means any stationary source or group of stationary sources located within a contiguous area
and under common control that emits or has the potential to emit considering controls, in the aggregate, 10
tons per year or more of any hazardous air pollutant or 25 tons per year or more of any combination of
hazardous air pollutants, unless the Administrator establishes a lesser quantity, or in the case of
radionuclides, different criteria from those specified in this sentence.

Malfunction means any sudden, infrequent, and not reasonably preventable failure of air pollution control
and monitoring equipment, process equipment, or a process to operate in a normal or usual manner which
causes, or has the potential to cause, the emission limitations in an applicable standard to be exceeded.
Failures that are caused in part by poor maintenance or careless operation are not malfunctions.

Monitoring means the collection and use of measurement data or other information to control the operation
of a process or poflution control device or to verify a work practice standard relative to assuring compliance
with applicable requirements. Monitoring is composed of four elements:

(1) Indicator(s) of performance—the parameter or parameters you measure or observe for demonstrating
proper operation of the poliution control measures or compliance with the applicable emissions limitation or
standard. Indicators of performance may include direct or predicted emissions measurements (including
opacity), operational parametric values that correspond to process or control device (and capture system)
efficiencies or emissions rates, and recorded findings of inspection of work practice activities, materials
tracking, or design characteristics. Indicators may be expressed as a single maximum or minimum value, a



function of process variables (for example, within a range of pressure drops), a particular operational or work
- practice status (for example, a damper position, completion of a waste recovery task, materials tracking), or
an interdependency between two or among more than two variables.

(2) Measurement techniques—the means by which you gather and record information of or about the
indicators of performance. The components of the measurement technique include the detector type,
location and installation specifications, inspection procedures, and quality assurance and quality control
measures. Examples of measurement technigues include continuous emission monitoring systems,
continuous opacity monitoring systems, continuous parametric monitoring systems, and manual inspections
that include making records of process conditions or work practices.

(3) Monitoring frequency—the number of times you obtain and record monitoring data over a specified time
interval. Examples of monitoring frequencies include at least four points equally spaced for each hour for
continuous emissions or parametric monitoring systems, at least every 10 seconds for continuous opacity
monitoring systems, and at least once per operating day (or week, month, etc.) for work practice or design
inspections.

(4) Averaging time—the period over which you average and use data to verify proper operation of the
poliution contro! approach or compliance with the emissions limitation or standard. Examples of averaging
time include a 3-hour average in units of the emissions limitation, a 30-day rolling average emissions value,
a daily average of a control device operational parametric range, and an instantaneous alarm.

New affected source means the collection of equipment, activities, or both within a single contiguous area -
and under common contro! that is included in a section 112(c) source category or subcategory that is subject
to a section 112(d) or other relevant standard for new sources. This definition of “new affected source,” and
the criteria to be utilized in implementing it, shall apply to each section 112(d) standard for which the initial
proposed rule is signed by the Administrator after June 30, 2002. Each relevant standard will define the term
"new affected source,” which will be the same as the “affected source” uniess a different collection is
warranted based on consideration of factors including:

(1) Emission reduction impacts of controlling individual sources versus groups of sources;
(2) Cost effectiveness of controlling individual equipment;

(3) Fiexibility to accommodate common control strategies;

(4)v Cost/benefits of emissions averaging;

(5) Incentives for pollution prevention;

(6) Feasibility and cost of controlling processes that share common equipment (e.g., product recovery
devices);

(7) Feasibility and cost of monitoring; and
(8) Other relevant factors.

New source means any affected source the construction or reconstruction of which is commenced after the
Administrator first proposes a relevant emission standard under this part establishing an emission standard
applicable to such source.

One-hour period, unless otherwise defined in an applicable subpart, means any 60-minute period
commencing on the hour.

Opacity means the degree to which emissions reduce the transmission of light and obscure the view of an
object in the background. For continuous opacity monitoring systems, opacity means the fraction of incident
light that is attenuated by an optical medium.



Owner or operator means any person who owns, leases, operates, controls, or supervises a stationary
source.

Performance audit means a procedure to analyze blind samples, the content of which is known by the

Administrator, simultaneously with the analysis of performance test samples in order to provide a measure
of test data quality. :

Performance evaluation means the conduct of relative accuracy testing, calibration error testing, and other
measurements used in validating the continuous monitoring system data.

Performance test means the collection of data resulting from the execution of a test method (usually three
emission test runs) used to demonstrate compliance with a relevant emission standard as specified in the
performance test section of the relevant standard.

Permit modification means a change to a title V permit as defined in regulations codified in this chapter to
implement title V of the Act (42 U.S.C. 7661).

Permit program means a comprehensive State operating permit system established pursuant to title V of the
Act (42 U.S.C. 7661) and regulations codified in part 70 of this chapter and applicable State regulations, or a
comprehensive Federal operating permit system established pursuant to title V of the Act and regulations
codified in this chapter.

Permit revision means any permit modification or administrative permit amendment to a title V permit as
defined in regulations codified in this chapter to implement title V of the Act (42 U.S.C. 7661).

Permitting authority means: (1) The State air pollution control agency, local agency, other State agency, or
other agency authorized by the Administrator to carry out a permit program under part 70 of this chapter; or

(2) The Administrator, in the case of EPA-implemented permit programs under title V of the Act (42 U.S.C.
7661).

Poliution Prevention means source reduction as defined under the Pollution Prevention Act (42 U.S.C.
13101-13109). The definition is as follows:

(1) Source reduction is any practice that:

(i) Reduces the amount of any hazardous substance, poliutant, or contaminant entering any waste stream or
otherwise released into the environment (including fugitive emissions) prior to recycling, treatment, or
disposal; and '

(i) Reduces the hazards to public health and the environment associated with the release of such
substances, pollutants, or contaminants.

(2) The term source reduction includes equipment or technology modifications, process or procedure
modifications, reformulation or redesign of products, substitution of raw materials, and improvements in
housekeeping, maintenance, training, or inventory control.

(3) The term source reduction does not include any practice that alters the physical, chemical, or biological
characteristics or the volume of a hazardous substance, pollutant, or contaminant through a process or
activity which itself is not integral to and necessary for the production of a product or the providing of a
service.

Potential to emit means the maximum capacity of a stationary source to emit a pollutant under its physical
and operational design. Any physical or operational limitation on the capacity of the stationary source to emit
a pollutant, including air pollution control equipment and restrictions on hours of operation or on the type or
amount of material combusted, stored, or processed, shall be treated as part of its design if the limitation or
the effect it would have on emissions is federally enforceable.



Reconstruction, uniess otherwise defined in a relevant standard, means the replacement of components of
an affected or a previously nonaffected source to such an extent that:

(1) The fixed capital cost of the new components exceeds 50 percent of the fixed capital cost that would be
required to construct a comparable new source; and

(2) It is technologically and economically feasible for the reconstructed source to meet the refevant
standard(s) established by the Administrator (or a State) pursuant to section 112 of the Act. Upon
reconstruction, an affected source, or a stationary source that becomes an affected source, is subject to
relevant standards for new sources, including compliance dates, irrespective of any change in emissions of
hazardous air pollutants from that source.

Regulation promulgation schedule means the schedule for the promulgation of emission standards under
this part, established by the Administrator pursuant to section 112(e) of the Act and published in theFederal
Register.

Relevant standard means:

(1) An emission standard;

(2) An alternative emission standard;
(3) An alternative emission limitation; or

(4) An equivalent emission limitation established pursuant to section 112 of the Act that applies to the
collection of equipment, activities, or both regulated by such standard or limitation. A relevant standard may
include or consist of a design, equipment, work practice, or operational requirement, or other measure,
process, method, system, or technigue (including prohibition of emissions) that the Administrator (or a State)
establishes for new or existing sources to which such standard or limitation applies. Every relevant standard
established pursuant to section 112 of the Act includes subpart A of this part, as provided by §63.1(a)(4),
and all applicable appendices of this part or of other parts of this chapter that are referenced in that
standard.

Responsible official means one of the following:

(1) For a corporation: A president, secretary, treasurer, or vice president of the corporation in charge of a
principal business function, or any other person who performs similar policy or decision-making functions for
‘the corporation, or a duly authorized representative of such person if the representative is responsible for
the overall operation of one or more manufacturing, production, or operating facilities and either:

() The facilities employ more than 250 persons or have gross annual sales or expenditures exceeding $25
million (in second quarter 1980 dollars); or

(i) The delegation of authority to such representative is approved in advance by the Administrator.
(2) For a partnership or sole proprietorship: a general partner or the proprietor, respectively.

(3) For a municipality, State, Federal, or other public agency: either a principal executive officer or ranking
elected official. For the purposes of this part, a principal executive officer of a Federal agency includes the
chief executive officer having responsibility for the overall operations of a principal geographic unit of the
agency (e.g., a Regional Administrator of the EPA).

(4) For affected sources (as defined in this part) applying for or subject to a title V permit: “responsible
official” shall have the same meaning as defined in part 70 or Federal title V regulations in this chapter (42
U.S.C. 7661), whichever is applicable.



Run means one of a series of emission or other measurements needed to determine emissions for a
representative operating period or cycle as specified in this part.

Shutdown means the cessation of operation of an affected source or portion of an affected source for any
purpose.

Six-minute period means, with respect to opacity determinations, any one of the 10 equal parts of a 1-hour
period.

Source at a Performance Track member facility means a major or area source located at a facility which has
been accepted by EPA for membership in the Performance Track Program (as described at
www.epa.gov/PerformanceTrack ) and is still a member of the Program. The Performance Track Program is
a voluntary program that encourages continuous environmental improvement through the use of
environmental management systems, local community outreach, and measurable results.

Standard conditions means a temperature of 293 K (68 °F) and a pressure of 101.3 kilopascals (29.92 in.
Hg).

Startup means the setting in operation of an affected source or portion of an affected source for any
purpose. '

State means all non-Federal authorities, including local agencies, interstate associations, and State-wide
programs, that have delegated authority to implement: (1) The provisions of this part and/or (2) the permit
program established under part 70 of this chapter. The term State shall have its conventional meaning
where clear from the context.

Stationary source means any building, structure, facility, or installation which emits or may emit any air
poliutant. .

Test method means the validated procedure for sampling, preparing, and analyzing for an air pollutant
specified in a relevant standard as the performance test procedure. The test method may include methods
described in an appendix of this chapter, test methods incorporated by reference in this part, or methods
validated for an application through procedures in Method 301 of appendix A of this part.

- Title V permit means any permit issued, renewed, or revised pursuant to Federal or State regulations
established to implement title V of the Act (42 U.S.C. 7661). A title V permit issued by a State permitting
authority is called a part 70 permit in this part.

Visible emission means the observation of an emission of opacity or optical density above the threshold of
vision.

Working day means any day on which Federal Government offices (or State government offices for a State
that has obtained delegation under section 112(l)) are open for normal business. Saturdays, Sundays, and
official Federal (or where delegated, State) holidays are not working days.

[569 FR 12430, Mar. 16, 1994, as amended at 67 FR 16596, Apr. 5, 2002; 68 FR 32600, May 30, 2003; 69
FR 21752, Apr. 22, 2004; 72 FR 27443, May 16, 2007]

§ 63.3 Units and abbreviations.

Used in this part are abbreviations and symbols of units of measure. These are defined as follows:

(a) System Intemational (S} units of measure:

A = ampere



g = gram
Hz = hertz

J = joule

°K = degree Kelvin

kg = kilogram

| = liter

m = meter

m® = cubic meter

mg = milligram = 10~ gram
mil = milliliter = 10 liter

mm = millimeter = 10 °meter
Mg = megagram = 10° gram = metric ton
MJ = megajoule

mol = mole

N = newton

ng = nanogram = 10 °gram
nm = nanometer = 10 °meter
Pa = pascal

s= seqond

V = volt

W = watt

Q =ohm

ug = microgram = 10 °gram
ul = microliter = 10 %liter

(b) Other units of measure:

Btu = British thermal unit



°C = degree Celsius (centigrade)
éal = calorie

.cfm = cubic feet per minute

cc = cubic centimeter

cu ft = cubic feet

d = day

dcf = dry cubic feet

dcm = dry cubic meter

dscf = dry cubic feet at standard conditions
dscm = dry cubic meter at standard conditions
eq = equivalent

°F degree Fahrenheit

ft = feet

ft? = square feet

ft* = cubic feet

gal = gallon

gr = grain

g-eq = gram equivalent

g-mole = gram mole

hr = hour

in. = inch

in. H,0 = inches of water

K = 1,000

kcal = kilocalorie

ib = pound




Ipm = liter per minute

meq = milliequivalent

min = minute

MW = molecular weight

0z = ounces

ppb = parts per billion

ppbw = parts per billion by weight
ppbv = parts per billion by volume
ppm = parts per million

ppmw = parts per million by weight
ppmyv = parts per million by volume
psia = pounds per square inch absolute
psig = pounds per square inch gage
°R = degree Rankine

scf = cubic feet at standard conditions

scfh = cubic feet at standard conditions per hour

scm = cubic meter at standard conditions

scmm = cubic meter at standard conditions per minute

sec = second

sq ft = square feet

std = at standard conditions
v/v = volume per volume
yd? = square yards

yr = year

(c) Miscellaneous:

act = actual



avg = average

[.D. = inside diameter

M = molar

N = normal

O.D. = outside diameter

% = percent

[59 FR 12430, Mar. 16, 1994, as amended at 67 FR 16598, Apr. 5, 2002]
§ 63.4 Prohibited activities and circumvention.

(a) Prohibited activities. (1) No owner or operator subject to the provisions of this part must operate any
affected source in violation of the requirements of this part. Affected sources subject to and in compliance
with either an extension of compliance or an exemption from compliance are not in violation of the
requirements of this part. An extension of compliance can be granted by the Administrator under this part; by
a State with an approved permit program; or by the President under section 112(i)(4) of the Act.

(2) No owner or operator subject to the provisions of this part shall fail to keep records, notify, report, or
revise reports as required under this part.

(3)-(5) [Reserved]

(b) Circumvention. No owner or operator subject to the provisions of this part shall build, erect, install, or use
any article, machine, equipment, or process to conceal an emission that would otherwise constitute
noncompliance with a relevant standard. Such concealment includes, but is not limited to—

(1) The use of diluents to achieve compliance with a relevant standard based on the concentration of a
poliutant in the effluent discharged to the atmosphere;

(2) The use of gaseous diluents to achieve complian"ce with a relevant standard for visible emissions; and

(c) Fragmentation. Fragmentation after November 15, 1990 which divides ownership of an operation, within
the same facility among various owners where there is no real change in control, will not affect applicability.
The owner and operator must not use fragmentation or phasing of reconstruction activities (i.e., intentionally
dividing reconstruction into multiple parts for purposes of avoiding new source requirements) to avoid
becoming subject to new source requirements.

[59 FR 12430, Mar. 16, 1994, as amended at 67 FR 16598, Apr. 5, 2002]
§ 63.5 Preconstruction review and notification requirements.

(a) Applicability. (1) This section implements the preconstruction review requirements of section 112(i)(1).
After the effective date of a relevant standard, promulgated pursuant to section 112(d), {f), or (h) of the Act,
under this part, the preconstruction review requirements in this section apply to the owner or operator of new
affected sources and reconstructed affected sources that are major-emitting as specified in this section. New
and reconstructed affected sources that commence construction or reconstruction before the effective date
of a relevant standard are not subject to the preconstruction review requirements specified in paragraphs
(b)(3), (d), and (e) of this section.



(2) This section includes notification requirements for new affected sources and reconstructed affected
sources that are not major-emitting affected sources and that are or become subject to a relevant
promulgated emission standard after the effective date of a relevant standard promulgated under this part.

(b) Requirements for existing, newly constructed, and reconstructed sources. (1) A new affected source for
which construction commences after proposal of a relevant standard is subject to relevant standards for new
affected sources, including compliance dates. An affected source for which reconstruction commences after
proposal of a relevant standard is subject to relevant standards for new sources, including compliance
dates, irrespective of any change in emissions of hazardous air poliutants from that source.

(2) [Reserved]

'(3) After the effective date of any relevant standard promulgated by the Administrator under this part, no
person may, without obtaining written approval in advance from the Administrator in accordance with the
procedures specified in paragraphs (d) and (e) of this section, do any of the following:

(i) Construct a new affected source that is major-emitting and subject to such standard,
(i) Reconstruct an affected source that is major-emitting and subject to such standard; or

(iii) Reconstruct a major source such that the source becomes an affected source that is major-emitting and
subject to the standard.

(4) After the effective date of any relevant standard promulgated by the Administrator under this part, an
owner or operator who constructs a new affected source that is not major-emitting or reconstructs an
affected source that is not major-emitting that is subject to such standard, or reconstructs a source such that
the source becomes an affected source subject to the standard, must nofify the Administrator of the
intended construction or reconstruction. The notification must be submitted in accordance with the
procedures in §63.9(b).

(5) [Reserved]

(B) Atfter the effective date of any relevant standard promulgated by the Administrator under this part,
equipment added (or a process change) to an affected source that is within the scope of the definition of
affected source under the relevant standard must be considered part of the affected source and subject to
all provisions of the relevant standard established for that affected source.

(c) [Reserved]

(d) Application for approval of construction or reconstruction. The provisions of this paragraph implement
section 112(i)(1) of the Act.

(1) General application requirements. (i) An owner or operator who is subject to the requirements of
paragraph (b)(3) of this section must submit to the Administrator an application for approval of the
construction or reconstruction. The application must be submitted as soon as practicable before actual
construction or reconstruction begins. The application for approval of construction or reconstruction may be
used to fulfill the initial notification requirements of §63.9(b)(5). The owner or operator may submit the
application for approval well in advance of the date actual construction or reconstruction begins in order to
ensure a timely review by the Administrator and that the planned date to begin will not be delayed.

(i) A separate application shall be submitted for each construction or reconstruction. Each application for
approval of construction or reconstruction shall include at a minimum:

(A) The applicant's name and address;



(B) A notification of intention to construct a new major affected source or make any physical or operational
change to a major affected source that may meet or has been determined to meet the criteria for a
reconstruction, as deﬁn_ed in §63.2 or in the relevant standard;

(C) The address (i.e., physical location) or proposed address of the source;

(D) An identification of the relevant standard that is the basis of the application;
(E) The expecied date of the beginning of actual construction or reconstruction;
(F) The expected completion date of the construction or reconstruction;

(G) [Reserved]

(H) The type and quantity of hazardous air pollutants emitted by the source, reported in units and averaging
times and in accordance with the test methods specified in the relevant standard, or if actual emissions data
are not yet available, an estimate of the type and quantity of hazardous air pollutants expected to be emitted
by the source reported in units and averaging times specified in the relevant standard. The owner or
operator may submit percent reduction information if a relevant standard is established in terms of percent
reduction. However, operating parameters, such as flow rate, shall be included in the submission to the
extent that they demonstrate performance and compliance; and :

(l) [Reserved]
{J) Other information as specified in paragraphs (d)(2) and (d)(3) of this section.

(iii) An'owner or operator who submits estimates or preliminary information in place of the actual emissions
data and analysis required in paragraphs (d)(1){ii)(H) and (d)(2) of this section shall submit the actual,
measured emissions data and other correct information as soon as available but no later than with the
notification of compliance status required in §63.9(h) (see §63.9(h)(5)).

(2) Application for approval of construction. Each application for approval of construction must include, in
addition to the information required in paragraph (d)(1)(ii) of this section, technical information describing the
proposed nature, size, design, operating design capacity, and method of operation of the source, including
an identification of each type of emission paoint for each type of hazardous air pollutant that is emitted (or
could reasonably be anticipated to be emitted) and a description of the planned air pollution control system
(equipment or method) for each emission point. The description of the equipment to be used for the control
of emissions must include each control device for each hazardous air pollutant and the estimated control
efficiency (percent) for each control device. The description of the method to be used for the control of
emissions must include an estimated control efficiency (percent) for that method. Such technical information
must include calculations of emission estimates in sufficient detail to permit assessment of the validity of the
calculations.

(3) Application for approval of reconstruction. Each application for approval of reconstructlon shall include, in
addition to the information required in paragraph (d)(1)(ii) of this section—

(i) A brief description of the affected source and the components that are to be replaced,;

(ii) A description of present and proposed emission control systems (i.e., equipment or methods). The
description of the equipment to be used for the control of emissions shall include each control device for
each hazardous air poliutant and the estimated control efficiency (percent) for each control device. The
description of the method to be used for the control of emissions shall include an estimated control efficiency
(percent) for that method. Such technical information shall include calculations of emission estimates in
sufficient detail to permit assessment of the validity of the calculations;

(i) An estimate of the fixed capital cost of the replacements and of constructing a comparable entirely new
source;



(iv) The estimated life of the affected source after the replacements; and

(v) A discussion of any economic or technical limitations the source may have in complying with relevant
standards or other requirements after the proposed replacements. The discussion shall be sufficiently
detailed to demonstrate to the Administrator's satisfaction that the technical or economic limitations affect
the source's ability to comply with the reievant standard and how they do so.

(vi) If in the application for approval of reconstruction the owner or operator designates the affected source
as a reconstructed source and declares that there are no economic or technical limitations to prevent the
source from complying with all relevant standards or other requirements, the owner or operator need not
submit the information required in paragraphs (d)(3)(iii) through (d)(3)(v) of this section.

(4) Additional information. The Administrator may request additional relevant information after the submittal
of an application for approval of construction or reconstruction.

(e) Approval of construction or reconstruction. (1)(i) If the Administrator determines that, if properly
constructed, or reconstructed, and operated, a new or existing source for which an application under
paragraph (d) of this section was submitted will not cause emissions in violation of the relevant standard(s)
and any other federally enforceable requirements, the Administrator will approve the construction or
reconstruction.

(ii) In addition, in the case of reconstruction, the Administrator's determination under this paragraph will be
based on:

(A) The fixed capital cost of the replacements in comparison to the fixed capital cost that would be required
to construct a comparable entirely new source;

(B) The estimated life of the source after the replacements compared to the life of a comparable entirely new
source;

(C) The extent to which the components being replaced cause or contribute to the emissions from the
source; and

(D) Any economic or technical limitations on compliance with relevant standards that are inherent in the
proposed replacements.

(2)(i) The Administrator will notify the owner or operator in writing of approval or intention to deny approval of
construction or reconstruction within 60 calendar days after receipt of sufficient information to evaluate an
application submitted under paragraph (d) of this section. The 60-day approval or denial period will begin
after the owner or operator has been notified in writing that his/her appliication is complete. The
Administrator will notify the owner or operator in writing of the status of his/her application, that is, whether
the application contains sufficient information to make a determination, within 30 calendar days after receipt
of the original application and within 30 calendar days after receipt of any supplementary information that is
submitted.

(i) When notifying the owner or operator that his/her application is not complete, the Administrator will
specify the information needed to complete the application and provide notice of opportunity for the applicant
to present, in writing, within 30 calendar days after he/she is notified of the incomplete application, additional
information or argumenits to the Administrator to enable further action on the application.

(3) Before denying any application for approval of construction or reconstruction, the Administrator will notify
the applicant of the Administrator's intention to issue the denial together with—

(i) Notice of the information and findings on which the intended denial is based; and




(ii) Notice of opportunity for the applicant to present, in writing, within 30 calendar days after he/she is

notified of the intended denial, additional information or arguments to the Administrator to enable further
action on the application.

(4) A final determination to deny any application for approval will be in writing and will specify the grounds on
which the denial is based. The final determination will be made within 60 calendar days of presentation of
additional information or arguments (if the application is complete), or within 60 calendar days after the final
date specified for presentation if no presentation is made.

(5) Neither the submission of an application for approval nor the Administrator's approval of construction or
reconstruction shall—

(i) Relieve an owner or operator of legal responsibility for compliance with any applicable provisions of this
part or with any other applicable Federal, State, or local requirement; or

(i) Prevent the Administrator from implementing or enforcing this part or taking any other action under the
Act.

(f) Approval of construction or reconstruction based on prior State preconstruction review. (1)
Preconstruction review procedures that a State utilizes for other purposes may also be utilized for purposes
of this section if the procedures are substantially equivalent to those specified in this section. The
Administrator will approve an application for construction or reconstruction specified in paragraphs (b)(3)
and (d) of this section if the owner or operator of a new affected source or reconstructed affected source,
who is subject to such requirement meets the following conditions:

(i) The owner or operator of the new affected source or reconstructed affected source has undergone a
preconstruction review and approval process in the State in which the source is (or would be) located and
has received a federally enforceable construction permit that contains a finding that the source will meet the
relevant promulgated emission standard, if the source is properly built and operated.

(ii) Provide a statement from the State or other evidence (such as State regulations) that it considered the
factors specified in paragraph (e)(1) of this section.

{(2) The owner or operator must submit to the Administrator the request for approval of construction or
reconstruction under this paragraph (f)(2) no later than the application deadline specified in paragraph (d)(1)
of this section (see also §63.9(b)(2)). The owner or operator must include in the request information
sufficient for the Administrator's determination. The Administrator will evaluate the owner or operator's
request in accordance with the procedures specified in paragraph (e) of this section. The Administrator may
request additional relevant information after the submittal of a request for approval of construction or
reconstruction under this paragraph (f)(2).

[59 FR 12430, Mar. 16, 1994, as amended at 67 FR 16598, Apr. 5, 2002]
§ 63.6 Compliance with standards and maintenance requirements.

(a) Applicability. (1) The requirements in this section apply to the owner or operator of affected sources for
which any relevant standard has been established pursuant to section 112 of the Act and the applicability of .
such requirements is set out in accordance with §63.1(a)(4) unless—

(i) The Administrator (or a State with an approved permit program) has granted an extension of compliance
consistent with paragraph (i) of this section; or

(i) The President has granted an exemption from compliance with any relevant standard in accordance with
section 112(i)(4) of the Act.

(2) If an area source that otherwise would be subject to an emission standard or other requirement
established under this part if it were a major source subsequently increases its emissions of hazardous air



poliutants (or its potential to emit hazardous air pollutants) such that the source is a major source, such
source shall be subject to the relevant emission standard or other requirement.

(b) Compliance dates for new and reconstructed sources. (1) Except as specified in paragraphs (b)(3) and
(4) of this section, the owner or operator of a new or reconstructed affected source for which construction or
reconstruction commences after proposal of a relevant standard that has an initial startup before the
effective date of a relevant standard established under this part pursuant to section 112(d), (f), or (h) of the
Act must comply with such standard not tater than the standard's effective date.

(2) Except as specified in paragraphs (b)(3) and (4) of this section, the owner or operator of a new or
reconstructed affected source that has an initial startup after the effective date of a relevant standard
established under this part pursuant to section 112(d), (f), or (h) of the Act must comply with such standard
upon startup of the source.

(3) The owner or operator of an affected source for which construction or reconstruction is commenced after
the proposal date of a relevant standard established under this part pursuant to section 112(d), 112(f), or
112(h) of the Act but before the effective date (that is, promulgation) of such standard shall comply with the
relevant emission standard not later than the date 3 years after the effective date if:

(i) The promulgated standard (that is, the relevant standard) is more stringent than the proposed standard;
for purposes of this paragraph, a finding that controls or compliance methods are “more stringent” must
include control technologies or performance criteria and compliance or compliance assurance methods that
are different but are substantially equivalent to those required by the promuligated rule, as determined by the
Administrator (or his or her authorized representative); and

(i) The owner or operator complies with the standard as proposed during the 3-year period immediately after
the effective date.

(4) The owner or operator of an affected source for which construction or reconstruction is commenced after
the proposal date of a relevant standard established pursuant to section 112(d) of the Act but before the
proposal date of a relevant standard established pursuant to section 112(f) shall not be required to comply
with the section 112(f) emission standard until the date 10 years after the date construction or reconstruction
is commenced, except that, if the section 112(f) standard is promulgated more than 10 years after
construction or reconstruction is commenced, the owner or operator must comply with the standard as
provided in paragraphs (b)(1) and (2) of this section.

(5) The owner or operator of a new source that is subject to the compliance requirements of paragraph
(b)(3) or (4) of this section must notify the Administrator in accordance with §63.9(d)

(6) [Reserved]

(7) When an area source becomes a major source by the addition of equipment or operations that meet the
definition of new affected source in the relevant standard, the portion of the existing facility that is a new
affected source must comply with all requirements of that standard applicable to new sources. The source
owner or operator must comply with the relevant standard upon startup.

(c) Compliance dates for existing sources. (1) After the effective date of a relevant standard estabiished
under this part pursuant to section 112(d) or 112(h) of the Act, the owner or operator of an existing source
shall comply with such standard by the compliance date established by the Administrator in the applicable
subpart(s) of this part. Except as otherwise provided for in section 112 of the Act, in no case will the
compliance date established for an existing source in an applicable subpart of this part exceed 3 years after
the effective date of such standard.

(2) if an existing source is subject to a standard established under this part pursuant to section 112(f) of the
Act, the owner or operator must comply with the standard by the date 90 days after the standard's effective
date, or by the date specified in an extension granted to the source by the Administrator under paragraph
(i)(4)(ii) of this section, whichever is later.



(3)—(4) [Reserved]

(5) Except as provided in paragraph (b)(7) of this section, the owner or operator of an area source that
increases its emissions of (or its potential to emit) hazardous air pollutants such that the source becomes a
major source shall be subject to relevant standards for existing sources. Such sources must comply by the
date specified in the standards for existing area sources that become major sources. If no such compliance
date is specified in the standards, the source shall have a period of time to comply with the relevant
emission standard that is equivalent to the compliance period specified in the relevant standard for existing
sources in existence at the time the standard becomes effective.

(d) [Reserved]

(e) Operation and maintenance requirements. (1)(i) At all times, including periods of startup, shutdown, and
malfunction, the owner or operator must operate and maintain any affected source, including associated air
poliution control equipment and monitoring equipment, in a manner consistent with safety and good air
pollution control practices for minimizing emissions. During a period of startup, shutdown, or maifunction,
this general duty to minimize emissions requires that the owner or operator reduce emissions from the
affected source to the greatest extent which is consistent with safety and good air pollution control practices.
The general duty to minimize emissions during a period of startup, shutdown, or malfunction does not
require the owner or operator to achieve emission levels that would be required by the applicabie standard
at other times if this is not consistent with safety and good air pollution control practices, nor does it require
the owner or operator to make any further efforts to reduce emissions if levels required by the applicable -
standard have been achieved. Determination of whether such operation and maintenance procedures are
being used will be based on information available to the Administrator which may include, but is not limited
to, monitoring results, review of operation and maintenance procedures (including the startup, shutdown,
and malfunction pian required in paragraph (e)(3) of this section), review of operation and maintenance
records, and inspection of the source.

(i) Malfunctions must be corrected as soon as practicable after their occurrence. To the extent that an
unexpected event arises during a startup, shutdown, or malfunction, an owner or operator must comply by
minimizing emissions during such a startup, shutdown, and malfunction event consistent with safety and
good air pollution control practices.

(iii) Operation and maintenance requirements established pursuant to section 112 of the Act are enforceable
independent of emissions limitations or other requirements in relevant standards.

(2) [Reserved]

(3) Startup, shutdown, and malfunction plan. (i) The owner or operator of an affected source must develop a
written startup, shutdown, and malfunction plan that describes, in detail, procedures for operating and
maintaining the source during periods of startup, shutdown, and malfunction; and a program of corrective
action for malfunctioning process, air pollution control, and monitoring equipment used to comply with the
relevant standard. The startup, shutdown, and malfunction plan does not need to address any scenario that
would not cause the source to exceed an applicable emission limitation in the relevant standard. This plan
must be developed by the owner or operator by the source's compliance date for that relevant standard. The
purpose of the startup, shutdown, and malfunction plan is to—

{A) Ensure that, at all times, the owner or operator operates and maintains each affected source, including
associated air poliution control and manitoring equipment, in @ manner which satisfies the general duty to
minimize emissions established by paragraph (e)(1)(i) of this section;

(B) Ensure that owners or operators are prepared to correct malfunctions as soon as practicable after their
occurrence in order to minimize excess emissions of hazardous air pollutants; and

(C) Reduce the reporting burden associated with periods of startup, shutdown, and malfunction (including
corrective action taken to restore malfunctioning process and air poliution controt equipment to its normal or
usual manner of operation).



(i) [Reserved]

(iii) When actions taken by the owner or operator during a startup or shutdown (and the startup or shutdown
causes the source to exceed any applicable emission limitation in the relevant emission standards), or
malfunction (including actions taken to correct a malfunction) are consistent with the procedures specified in
the affected source's startup, shutdown, and malfunction plan, the owner or aperator must keep records for
that event which demonstrate that the procedures specified in the plan were followed. These records may
take the form of a “checklist,” or other effective form of recordkeeping that confirms conformance with the
startup, shutdown, and malfunction plan and describes the actions taken for that event. In addition, the
owner or operator must keep records of these events as specified in paragraph 63.10(b), including records
of the occurrence and duration of each startup or shutdown (if the startup or shutdown causes the source to
exceed any applicable emission limitation in the relevant emission standards), or malfunction of operation
and each malfunction of the air pollution control and monitoring equipment. Furthermore, the owner or
operator shall confirm that actions taken during the relevant reporting period during periods of startup,
shutdown, and malfunction were consistent with the affected source's startup, shutdown and malfunction
plan in the semiannual (or more frequent) startup, shutdown, and malfunction report required in
§63.10(d)(5).

(iv) If an action taken by the owner or operator during a startup, shutdown, or malfunction (including an
action taken to correct a malfunction) is not consistent with the procedures specified in the affected source's
startup, shutdown, and malfunction plan, and the source exceeds any applicabie emission limitation in the
relevant emission standard, then the owner or operator must record the actions taken for that event and
must report such actions within 2 working days after commencing actions inconsistent with the plan,
followed by a letter within 7 working days after the end of the event, in accordance with §63.10(d)(5) (unless
the owner or operator makes alternative reporting arrangements, in advance, with the Administrator).

(v) The owner or operator must maintain at the affected source a current startup, shutdown, and malfunction
plan and must make the plan available upon request for inspection and copying by the Administrator. In
addition, if the startup, shutdown, and malfunction plan is subsequently revised as provided in paragraph
(e)(3)(viii) of this section, the owner or operator must maintain at the affected source each previous (i.e.,
superseded) version of the startup, shutdown, and malfunction plan, and must make each such previous
version available for inspection and copying by the Administrator for a period of 5 years after revision of the
plan. If at any time after adoption of a startup, shutdown, and malfunction plan the affected source ceases
operation or is otherwise no longer subject to the provisions of this part, the owner or operator must retain a
copy of the most recent plan for 5 years from the date the source ceases operation or is no longer subject to
this part and must make the plan available upon request for inspection and copying by the Administrator.
The Administrator may at any time request in writing that the owner or operator submit a copy of any startup,
shutdown, and malfunction plan (or a portion thereof) which is maintained at the affected source or in the
possession of the owner or operator. Upon receipt of such a request, the owner or operator must promptly
submit a copy of the requested plan (or a portion thereof) to the Administrator. The owner or operator may
elect to submit the required copy of any startup, shutdown, and malfunction plan to the Administrator in an
electronic format. If the owner or operator claims that any portion of such a startup, shutdown, and
malfunction plan is confidential business information entitled to protection from disclosure under section
114(c) of the Act or 40 CFR 2.301, the material which is claimed as confidential must be clearly designated
in the submission. :

(vi) To satisfy the requirements of this section to develop a startup, shutdown, and malfunction plan, the
owner or operator may use the affected source's standard operating procedures (SOP) manual, or an
Occupational Safety and Health Administration (OSHA) or other plan, provided the alternative plans meet all
the requirements of this section and are made available for inspection or submitted when requested by the
Administrator.

(vii) Based on the results of a determination made under paragraph (e)(1)(i) of this section, the Administrator
may require that an owner or operator of an affected source make changes to the startup, shutdown, and
malfunction plan for that source. The Administrator must require appropriate revisions to a startup,
shutdown, and malfunction plan, if the Administrator finds that the plan:

(A) Does not address a startup, shutdown, orr malfﬂhction évent that has ocdurred;



(B) Fails to provide for the operation of the source (including associated air pollution control and monitoring
equipment) during a startup, shutdown, or malfunction event in a manner consistent with the general duty to
minimize emissions established by paragraph (e)(1)(i) of this section;

(C) Does not provide adequate procedures for correcting malfunctioning process and/or air pollution control
and monitoring equipment as quickly as practicable; or

(D) Includes an event that does not meet the definition of startup, shutdown, or malfunction listed in §63.2.

(viii) The owner or operator may periodically revise the startup, shutdown, and malfunction plan for the
affected source as necessary to satisfy the requirements of this part or to reflect changes in equipment or
procedures at the affected source. Unless the permitting authority provides otherwise, the owner or operator
may make such revisions to the startup, shutdown, and malfunction plan without prior approval by the
Administrator or the permitting authority. However, each such revision to a startup, shutdown, and
malfunction plan must be reported in the semiannual report required by §63.10(d)(5). If the startup,
shutdown, and malfunction plan fails to address or inadequately addresses an event that meets the
characteristics of a malfunction but was not included in the startup, shutdown, and malfunction pian at the
time the owner or operator developed the plan, the owner or operator must revise the startup, shutdown,
and malfunction plan within 45 days after the event to include detailed procedures for operating and
maintaining the source during similar malfunction events and a program of corrective action for simitar
malfunctions of process or air pollution control and monitoring equipment. In the event that the owner or
operator makes any revision to the startup, shutdown, and malfunction ptan which alters the scope of the
activities at the source which are deemed to be a startup, shutdown, or malfunction, or otherwise modifies
the applicability of any emission limit, work practice requirement, or other requirement in a standard
established under this part, the revised plan shall not take effect until after the owner or operator has
provided a written notice describing the revision to the permitting authority.

(ix) The title V permit for an affected source must require that the owner or operator develop a startup,
shutdown, and malfunction plan which conforms to the provisions of this part, but may do so by citing to the
relevant subpart or subparagraphs of paragraph (e) of this section. However, any revisions made to the
startup, shutdown, and malfunction plan in accordance with the procedures established by this part shall not
be deemed to constitute permit revisions under part 70 or part 71 of this chapter and the elements of the
startup, shutdown, and malfunction plan shall not be considered an applicable requirement as defined in
§70.2 and §71.2 of this chapter. Moreover, none of the procedures specified by the startup, shutdown, and
"malfunction pian for an affected source shall be deemed to fall within the permit shield provision in section
504(f) of the Act.

() Compliance with nonopacity emission standards —(1) Applicability. The non-opacity emission standards
set forth in this part shall apply at all times except during periods of startup, shutdown, and malfunction, and
as otherwise specified in an applicable subpart. if a startup, shutdown, or malfunction of one portion of an
affected source does not affect the ability of particular emission points within other portions of the affected
source to comply with the non-opacity emission standards set forth in this part, then that emission point must
still be required to comply with the non-opacity emission standards and other applicable requirements.

(2) Methods for determining compliance. (i) The Administrator will determine compliance with nonopacity
emission standards in this part based on the results of performance tests conducted according to the
procedures in §63.7, unless otherwise specified in an applicable subpart of this part.

(i) The Administrator will determine compliance with nonopacity emission standards in this part by
evaluation of an owner or operator's conformance with operation and maintenance requirements, including
the evaluation of monitoring data, as specified in §63.6(e) and applicable subparts of this part.

(iii) If an affected source conducts performance testing at startup to obtain an operating permit in the State in
which the source is located, the results of such testing may be used to demonstrate compliance with a
relevant standard if—

(A) The performance test was conducted within a reasonable amount of time before an initial performance
test is required to be conducted under the relevant standard,;



(B) The performance test was conducted under representative operating conditions for the source;

(C) The performance test was conducted and the resulting data were reduced using EPA-approved test
methads and procedures, as specified in §63.7(e) of this subpart; and

(D) The performance test was appropriately quality-assured, as specified in §63.7(c).

(iv) The Administrator will determine compliance with design, equipment, work practice, or operational
emission standards in this part by review of records, inspection of the source, and other procedures
specified in applicable subparts of this part.

(v) The Administrator will determine compliance with design, equipment, work practice, or operational
emission standards in this part by evaluation of an owner or operator's conformance with operation and
maintenance requirements, as specified in paragraph (e) of this section and applicable subparts of this part.

(3) Finding of compliance. The Administrator will make a finding concerning an affected source's compliance
with a non-opacity emission standard, as specified in paragraphs (f)(1) and (2) of this section, upon
obtaining all the compliance information required by the retevant standard (including the written reports of
performance test results, monitoring results, and other information, if applicable), and information available
to the Administrator pursuant to paragraph (e)(1)(i) of this section.

(9) Use of an altemative nonopacity emission standard. (1) If, in the Administrator's judgment, an owner or
operator of an affected source has established that an alternative means of emission limitation will achieve a
reduction in emissions of a hazardous air pollutant from an affected source at least equivalent to the
reduction in emissions of that pollutant from that source achieved under any design, equipment, work
practice, or operational emission standard, or combination thereof, established under this part pursuant to
section 112(h) of the Act, the Administrator will publish in theFederal Registera notice permitting the use of
the alternative emission standard for purposes of compliance with the promuigated standard. AnyFederal
Registernotice under this paragraph shall be published only after the public is notified and given the
opportunity to comment. Such notice will restrict the permission to the stationary source(s) or category(ies)
of sources from which the alternative emission standard will achieve equivalent emission reductions. The
Administrator will condition permission in such notice on requirements to assure the proper operation and
maintenance of equipment and practices required for compliance with the alternative emission standard and
other requirements, including appropriate quality assurance and quality control requirements, that are
deemed necessary.

(2) An owner or operator requesting permission under this paragraph shall, unless otherwise specified in an
applicable subpart, submit a proposed test plan or the results of testing and monitoring in accordance with
§63.7 and §63.8, a description of the procedures followed in testing or monitoring, and a description of
pertinent conditions during testing or monitoring. Any testing or monitoring conducted to request permission
to use an alternative nonopacity emission standard shall be appropriately quality assured and quality
controlled, as specified in §63.7 and §63.8.

(3) The Administrator may establish general procedures in an applicable subpart that accomplish the
requirements of paragraphs (g)(1) and (g)(2) of this section.

(h) Compiliance with opacity and visible emission standards —(1) Applicability. The opacity and visible
emission standards set forth in this part must apply at all times except during periods of startup, shutdown,
and malfunction, and as otherwise specified in an applicable subpart. If a startup, shutdown, or malfunction
of one portion of an affected source does not affect the ability of particular emission points within other
portions of the affected source to comply with the opacity and visible emission standards set forth in this
part, then that emission point shall still be required to comply with the opacity and visible emission standards
and other applicable requirements.

(2) Methods for determining compliance. (i) The Administrator will determine compliance with opacity and
visible emission standards’in this part based on the results of the test-method specified in an applicable- -
subpart. Whenever a continuous opacity monitoring system (COMS) is required to be installed to determine
compliance with numerical opacity emission standards in this part, compliance with opacity emission
standards in this part shall be determined by using the results from the COMS. Whenever an opacity



emission test method is not specified, compliance with opacity emission standards in this part shall be
determined by conducting observations in accordance with Test Method 9 in appendix A of part 60 of this
chapter or the method specified in paragraph (h)(7)(ii) of this section. Whenever a visible emission test
method is not specified, compliance with visible emission standards in this part shall be determined by
conducting observations in accordance with Test Method 22 in appendix A of part 60 of this chapter.

(ii) [Reserved]

(ifi) If an affected source undergoes opacity or visible emission testing at startup to obtain an operating
permit in the State in which the source is located, the results of such testing may be used to demonstrate
compliance with a relevant standard if—

(A) The opacity or visible emission test was conducted within a reasonable amount of time before a
performance test is required to be conducted under the relevant standard;

(B) The opacity or visible emission test was conducted under representative operating conditions for the
source;

(C) The opacity or visible emission test was conducted and the resulting data were reduced using EPA-
approved test methods and procedures, as specified in §63.7(e); and

(D) The opacity or visible emission test was appropriately quality-assured, as specified in §63.7(c) of this
section.

(3) [Reserved]

(4) Notification of opacity or visible emission observations. The owner or operator of an affected source shall
notify the Administrator in writing of the anticipated date for conducting opacity or visible emission
observations in accordance with §63.9(f), if such observations are required for the source by a relevant
standard.

(6) Conduct of opacity or visible emission observations. When a relevant standard under this part includes
an opacity or visible emission standard, the owner or operator of an affected source shall comply with the
following: ’

(i) For the purpose of demonstrating initial compliance, opacity or visible emission observations shall be
conducted concurrently with the initial performance test required in §63.7 uniess one of the following
conditions applies:

(A) If no performance test under §63.7 is required, opacity or visible emission observations shall be
conducted within 60 days after achieving the maximum production rate at which a new or reconstructed
source will be operated, but not later than 120 days after initial startup of the source, or within 120 days after
the effective date of the relevant standard in the case of new sources that start up before the standard's
effective date. If no performance test under §63.7 is required, opacity or visible emission observations shall
be conducted within 120 days after the compliance date for an existing or modified source; or

(B) If visibility or other conditions prevent the opacity or visible emission observations from being conducted
concurrently with the initial performance test required under §63.7, or within the time period specified in
paragraph (h)(5)(i)(A) of this section, the source's owner or operator shall reschedule the opacity or visible
emission observations as soon after the initial performance test, or time period, as possible, but not later
than 30 days thereafier, and shall advise the Administrator of the rescheduled date. The rescheduled
opacity or visible emission observations shall be conducted (to the extent possible) under the same
operating conditions that existed during the initial performance test conducted under §63.7. The visible
emissions observer shall determine whether visibility or other conditions prevent the opacity or visible
emission observations from being made concurrently with the initial performance test in accordance with
procedures contained in Test Method 9 or Test Method 22 in appendix A of part 60 of this chapter.



(i) For the purpose of demonstrating initial compliance, the minimum total time of opacity observations shall
be 3 hours (30 6-minute averages) for the performance test or other required set of observations (e.g., for
fugitive-type emission sources subject only to an opacity emission standard).

(iii) The owner or operator of an affected source to which an opacity or visible emission standard in this part
applies shall conduct opacity or visible emission observations in accordance with the provisions of this
section, record the results of the evaluation of emissions, and report to the Administrator the opacity or
visible emission results in accordance with the provisions of §63.10(d).

(iv) [Reserved]

(v) Opacity readings of portions of plumes that contain condensed, uncombined water vapor shall not be
used for purposes of determining compliance with opacity emission standards.

(8) Avaifability of records. The owner or operator of an affected source shall make available, upon request
by the Administrator, such records that the Administrator deems necessary to determine the conditions
under which the visual observations were made and shall provide evidence indicating proof of current visible
observer emission certification.

(7) Use of a continuous opacity monitoring system. (i) The owner or operator of an affected source required
to use a continuous opacity monitoring system (COMS) shail record the monitoring data produced during a
performance test required under §63.7 and shall furnish the Administrator a written report of the monitoring
results in accordance with the provisions of §63.10(e)(4).

(i) Whenever an opacity emission test method has not been specified in an applicable subpart, or an owner
or operator of an affected source is required to conduct Test Method 9 observations (see appendix A of part
60 of this chapter), the owner or operator may submit, for compliance purposes, COMS data results
produced during any performance test required under §63.7 in lieu of Method 9 data. if the owner or
operator elects to submit COMS data for compliance with the opacity emission standard, he or she shall
notify the Administrator of that decision, in writing, simultaneously with the notification under §63.7(b) of the
date the performance test is scheduled to begin. Once the owner or operator of an affected source has
notified the Administrator to that effect, the COMS data results will be used to determine opacity compliance
during subsequent performance tests required under §63.7, uniess the owner or operator notifies the

. Administrator in writing to the contrary not later than with the notification under §63.7(b) of the date the
subsequent performance test is scheduled to begin.

(iii) For the purposes of determining compliance with the opacity emission standard during a performance
test required under §63.7 using COMS data, the COMS data shall be reduced to 6-minute averages over the
duration of the mass emission performance test.

(iv) The owner or operator of an affected source using a COMS for compliance purposes is responsibie for
demonstrating that he/she has complied with the performance evaluation requirements of §63.8(e), that the
COMS has been properly maintained, operated, and data quality-assured, as specified in §63.8(c) and
§63.8(d), and that the resulting data have not been altered in any way.

(v) Except as provided in paragraph (h)(7)(ii) of this section, the results of continuous monitoring by a COMS
that indicate that the opacity at the time visual observations were made was not in excess of the emission
standard are probative but not conclusive evidence of the actual opacity of an emission, provided that the
affected source proves that, at the time of the alleged violation, the instrument used was properly
maintained, as specified in §63.8(c), and met Performance Specification 1 in appendix B of part 60 of this
chapter, and that the resulting data have not been altered in any way.

(8) Finding of compliance. The Administrator will make a finding concerning an affected source's compliance
with an opacity or visible emission standard upon obtaining all the compliance information required by the

_ relevant standard (including the written reports of the results of the performance tests required by §63.7, the
results of Test Method 9 or another reguired opacity or visible emission test method, the observer =
certification required by paragraph (h)(6) of this section, and the continuous opacity monitoring system
results, whichever is/are applicable) and any information available to the Admlmstrator needed to determine
whether proper operation and maintenance practices are being used.



(9) Adjustment to an opacity emission standard. (i) If the Administrator finds under paragraph (h)(8) of this
section that an affected source is in compliance with all relevant standards for which initial performance tests
were conducted under §63.7, but during the time such performance tests were conducted fails to meet any
relevant opacity emission standard, the owner or operator of such source may petition the Administrator to
make appropriate adjustment to the opacity emission standard for the affected source. Until the

Administrator notifies the owner or operator of the appropriate adjustment, the relevant opacity emission
standard remains applicable.

(ii) The Administrator may grant such a petition upon a demonstration by the owner or operator that—

(A) The affected source and its associated air pollution control equipment were operated and maintained in
a manner to minimize the opacity of emissions during the performance tests;

(B) The performance tests were performed under the conditions established by the Administrator; and

(C) The affected source and its associated air pollution control equipment were incapable of being adjusted
or operated to meet the relevant opacity emission standard.

(iii) The Administrator will establish an adjusted opacity emission standard for the affected source meeting
the above requirements at a level at which the source will be able, as indicated by the performance and
opacity tests, to meet the opacity emission standard at all times during which the source is meeting the
mass or concentration emission standard. The Administrator will promulgate the new opacity emission
standard in theFederal Register.

(iv) After the Administrator promulgates an adjusted opacity emission standard for an affected source, the
owner or operator of such source shall be subject to the new opacity emission standard, and the new
opacity emission standard shall apply to such source during any subsequent performance tests.

(i} Extension of compliance with emission standards. (1) Until an extension of compliance has been granted
by the Administrator (or a State with an approved permit program) under this paragraph, the owner or
operator of an affected source subject to the requirements of this section shall comply with all applicable
requirements of this part.

(2) Extension of compliance for early reductions and other reductions —(i) Early reductions. Pursuant to
section 112(i)(5) of the Act, if the owner or operator of an existing source demonstrates that the source has
achieved a reduction in emissions of hazardous air pollutants in accordance with the provisions of subpart D
of this part, the Administrator (or the State with an approved permit program) will grant the owner or operator
an extension of compliance with specific requirements of this part, as specified in subpart D.

(i) Other reductions. Pursuant to section 112(i)(6) of the Act, if the owner or operator of an existing source
has installed best available control technology (BACT) (as defined in section 169(3) of the Act) or technology
required to meet a lowest achievable emission rate (LAER) (as defined in section 171 of the Act) prior to the
promulgation of an emission standard in this part applicable to such source and the same poliutant (or
stream of pollutants) controlled pursuant to the BACT or LAER installation, the Administrator will grant the
owner or operator an extension of compliance with such emission standard that will apply until the date 5
years after the date on which such installation was achieved, as determined by the Administrator.

(3) Request for extension of compliance. Paragraphs (i)(4) through (i)(7) of this section concern requests for .
an extension of compliance with a relevant standard under this part (except requests for an extension of
compliance under paragraph (i)(2)(i) of this section will be handled through procedures specified in subpart

D of this part).

(4)()(A) The owner or operator of an existing source who is unable to comply with a relevant standard
established under this part pursuant to section 112(d) of the Act may request that the Administrator (or a
State, when the State has an approved part 70 permit program and the source is required to obtain a part 70
permit under that program, or a State, when the State has been delegated the authority to implement and
enforce the emission standard for that source) grant an extension allowing the source up to 1 additional year
to comply with the standard, if such additional period is necessary for the installation of controls. An



additional extension of up to 3 years may be added for mining waste operations, if the 1-year extension of
compliance is insufficient to dry and cover mining waste in order to reduce emissions of any hazardous air
pollutant. The owner or operator of an affected source who has requested an extension of compliance under
this paragraph and who is otherwise required to obtain a title V permit shalf apply for such permit or apply to
have the source's title VV permit revised to incorporate the conditions of the extension of compliance. The
conditions of an extension of compliance granted under this paragraph will be incorporated into the affected
source's title V permit according to the provisions of part 70 or Federal title V regulations in this chapter (42
U.S.C. 7661), whichever are applicable.

(B) Any request under this paragraph for an extension of compliance with a relevant standard must be
submitted in writing to the appropriate authority no later than 120 days prior to the affected source's
compliance date (as specified in paragraphs (b) and (c) of this section), except as provided for in paragraph
(i)(4)()(C) of this section. Nonfrivolous requests submitted under this paragraph will stay the applicability of
the rule as to the emission points in question until such time as the request is granted or denied. A denial will
be effective as of the date of denial. Emission standards established under this part may specify alternative
dates for the submittal of requests for an extension of compliance if alternatives are appropriate for the
source categories affected by those standards.

(C) An owner or operator may submit a compliance extension request after the date specified in paragraph
(i)(4)(1)(B) of this section provided the need for the compliance extension arose after that date, and before
the otherwise appiicable compliance date and the need arose due to circumstances beyond reasonable
control of the owner or operator. This request must inciude, in addition to the information required in
paragraph (i)(6)(i) of this section, a statement of the reasons additional time is needed and the date when
the owner or operator first learmned of the problems. Nonfrivolous requests submitted under this paragraph
will stay the applicability of the rule as to the emission points in question until such time as the request is
granted or denied. A denial will be effective as of the original compliance date.

(i) The owner or operator of an existing source unable to comply with a relevant standard established under
this part pursuant to section 112(f) of the Act may request that the Administrator grant an extension allowing
the source up to 2 years after the standard's effective date to comply with the standard. The Administrator
may grant such an extension if he/she finds that such additional period is necessary for the installation of
controls and that steps will be taken during the period of the extension to assure that the health of persons
will be protected from imminent endangerment. Any request for an extension of compliance with a relevant
standard under this paragraph must be submitted in writing to the Administrator not later than 90 calendar
days after the effective date of the relevant standard.

(5) The owner or operator of an existing source that has instalied BACT or technology required to meet
LAER [as specified in paragraph (i)(2)(ii) of this section] prior to the promuigation of a relevant emission
standard in this part may request that the Administrator grant an extension allowing the source 5 years from
the date on which such instaliation was achieved, as determined by the Administrator, to comply with the
standard. Any request for an extension of compliance with a relevant standard under this paragraph shall be
submitted in writing to the Administrator not later than 120 days after the promulgation date of the standard.
The Administrator may grant such an extension if he or she finds that the installation of BACT or technology
to meet LAER controls the same pollutant (or stream of pollutants) that would be controlled at that source by
the relevant emission standard.

(6)(i) The request for a compliance extension under paragraph (i)(4) of this section shall include the following
information:

(A) A description of the controls to be installed to comply with the standard;

(B) A compliance schedule, including the date by which each step toward compliance will be reached. At a
minimum, the list of dates shall include:

( 1) The date by which on-site construction, installation of emission contro} equipment, or a process change
_ Is planned to be initiated; and

(2) The date by which final compliance is to be achieved.



( 3) The date by which on-site construction, installation of emission control equipment, or a process change
is to be completed; and

( 4) The date by which final compliance is to be achieved;
©)—O

(i) The request for a compliance extension under paragraph (i)(5) of this section shall include all information
needed to demonstrate to the Administrator's satisfaction that the instaliation of BACT or technology to meet
LAER controls the same pollutant (or stream of pollutants) that would be controlled at that source by the
relevant emission standard.

(7) Advice on requesting an extension of compliance may be obtained from the Administrator (or the State
with an approved permit program).

(8) Approval of request for extension of compliance. Paragraphs (i)(9) through (i)(14) of this section concern
approval of an extension of compliance requested under paragraphs (i)(4) through (i)(6) of this section.

(9) Based on the information provided in any request made under paragraphs (i)(4) through (i)(6) of this
section, or other information, the Administrator (or the State with an approved permit program) may grant an
extension of compliance with an emission standard, as specified in paragraphs (i)(4) and (i)(5) of this
section.

(10) The extension will be in writing and will—

(i) Identify each affected source covered by the extension;

(i) Specify the termination date of the extension;

(iii) Specify the dates by which steps toward compliance are to be taken, if appropriate;

(iv) Specify other applicable requirements to which the compliance extension applies (e.g., performance
tests); and

(v)}(A) Under paragraph (i)(4), specify any additional conditions that the Administrator (or the State) deems
necessary to assure installation of the necessary controls and protection of the health of persons during the
extension period; or

(B) Under paragraph (i)(5), specify any additional conditions that the Administrator deems necessary to
assure the proper operation and maintenance of the installed controls during the extension period.

(11) The owner or operator of an existing source that has been granted an extension of compliance under
paragraph (i)(10) of this section may be required to submit to the Administrator (or the State with an
approved permit program) progress reports indicating whether the steps toward compliance outlined in the
compliance schedule have been reached. The contents of the progress reports and the dates by which they
shall be submitted will be specified in the written extension of compliance granted under paragraph (i)(10) of
this section.

(12)(i) The Administrator (or the State with an approved permit program) will notify the owner or operator in
writing of approval or intention to deny approval of a request for an extension of compliance within 30
calendar days after receipt of sufficient information to evaluate a request submitted under paragraph (i)(4)(i)
or (i)(5) of this section. The Administrator (or the State) will notify the owner or operator in writing of the
status of his/her application, that is, whether the application contains sufficient information to make a
determination, within 30 calendar days after receipt of the original application and within 30 calendar days
after receipt of any supplementary information that is submitted. The 30-day approval or denial period will
begin after the owner or operator has been notified in writing that his/her application is complete.



(i)) When notifying the owner or operator that his/ner application is not complete, the Administrator will
specify the information needed to complete the application and provide notice of opportunity for the applicant
to present, in writing, within 30 calendar days after he/she is notified of the incomplete application, additional
information or arguments to the Administrator to enable further action on the application.

(iii) Before denying any request for an extension of compliance, the Administrator (or the State with an
approved permit program) will notify the owner or operator in writing of the Administrator's (or the State's)
intention to issue the denial, together with—

(A) Notice of the information and findings on which the intended denial is based; and

(B) Notice of opportunity for the owner or operator to present in writing, within 15 calendar days after he/she
is notified of the intended denial, additional information or arguments to the Administrator (or the State)
before further action on the request.

(iv) The Administrator's final determination to deny any request for an extension will be in writing and will set
forth the specific grounds on which the denial is based. The final determination will be made within 30
calendar days after presentation of additional information or argument (if the application is complete), or
within 30 calendar days after the final date specified for the presentation if no presentation is made.

(13)(i) The Administrator will notify the owner or operator in writing of approval or intention to deny approval
of a request for an extension of compliance within 30 calendar days after receipt of sufficient information to
evaluate a request submitted under paragraph (i)(4)(ii) of this section. The 30-day approval or denial period
will begin afier the owner or operator has been notified in writing that his/her application is complete. The
Administrator (or the State) will notify the owner or operator in writing of the status of his/her application, that
is, whether the application contains sufficient information to make a determination, within 15 calendar days
after receipt of the original application and within 15 calendar days after receipt of any supplementary
information that is submitted.

(i) When notifying the owner or operator that his/her application is not complete, the Administrator will
specify the information needed to complete the application and provide notice of opportunity for the applicant
to present, in writing, within 15 calendar days after he/she is notified of the incomplete application, additionat
information or arguments to the Administrator to enable further action on the application.

(iiiy Before denying any request for an extension of compliance, the Administrator will notify the owner or
operator in writing of the Administrator's intention to issue the denial, together with—

(A) Notice of the information and findings on which the intended denial is based; and

(B) Notice of opportunity for the owner or operator to present in writing, within 15 calendar days after he/she
is notified of the intended denial, additional information or arguments to the Administrator before further
action on the request.

(iv) A final determination to deny any request for an extension will be in writing and will set forth the specific
grounds on which the denial is based. The final determination will be made within 30 calendar days after
presentation of additional information or argument (if the application is complete}, or within 30 calendar days
after the final date specified for the presentation if no presentation is made.

(14) The Administrator (or the State with an approved permit program) may terminate an extension of
compliance at an earlier date than specified if any specification under paragraph (i)(10)(iii) or (iv} of this
section is not met. Upon a determination to terminate, the Administrator will notify, in writing, the owner or
operator of the Administrator's determination to terminate, together with:

A(i) Notice of the reason for termination; and

(i) Notice of opportunity for the owner or operator to present in writing, within 15 calendar days after he/she
is notified of the determination to terminate, additional information or arguments to the Administrator before
further action on the termination.



(iii) A final determination to terminate an extension of compliance will be in writing and will set forth the
specific grounds on which the termination is based. The final determination will be made within 30 calendar
days after presentation of additional information or arguments, or within 30 calendar days after the final date
specified for the presentation if no presentation is made.

(15) [Reserved]

(16) The granting of an extension under this section shall not abrogate the Administrator's authority under
section 114 of the Act.

(i) Exemption from compliance with emission standards. The President may exempt any stationary source
from compliance with any relevant standard established pursuant to section 112 of the Act for a period of not
more than 2 years if the President determines that the technology to implement such standard is not
available and that it is in the national security interests of the United States to do so. An exemption under
this paragraph may be extended for 1 or more additional periods, each period not to exceed 2 years.

[59 FR 12430, Mar. 16, 1994, as amended at 67 FR 16599, Apr. 5, 2002; 68 FR 32600, May 30, 2003; 71
FR 20454, Apr. 20, 2008]

§ 63.7 Performance testing requirements.
(a) Applicability and performance test dates. (1) The applicability of this section is set out in §63.1(a)(4).

(2) Except as provided in paragraph (a)(4) of this section, if required to do performance testing by a relevant
standard, and unless a waiver of performance testing is obtained under this section or the conditions of
paragraph (c)(3)(ii)(B) of this section apply, the owner or operator of the affected source must perform such
tests within 180 days of the compliance date for such source.

(i)—(vii) [Reserved]

(ix) Except as provided in paragraph (a)(4) of this section, when an emission standard promulgated under
this part is more stringent than the standard proposed (see §63.6(b)(3)), the owner or operator of a new or
reconstructed source subject to that standard for which construction or reconstruction is commenced
between the proposal and promuigation dates of the standard shall comply with performance testing
requirements within 180 days after the standard's effective date, or within 180 days after startup of the
source, whichever is later. If the promulgated standard is more stringent than the proposed standard, the
owner or operator may choose to demonstrate compliance with either the proposed or the promuligated
standard. If the owner or operator chooses to comply with the proposed standard initially, the owner or
operator shall conduct a second performance test within 3 years and 180 days after the effective date of the
standard, or after startup of the source, whichever is later, to demonstrate compliance with the promulgated
standard.

(3) The Administrator may require an owner or operator to conduct performance tests at the affected source
at any other time when the action is authorized by section 114 of the Act.

(4) If a force majeure is about to occur, occurs, or has occurred for which the affected owner or operator
intends to assert a claim of force majeure:

(i) The owner or operator shall notify the Administrator, in writing as soon as practicable following the date
the owner or operator first knew, or through due diligence should have known that the event may cause or
caused a delay in testing beyond the regulatory deadline specified in paragraph (a)(2) or (a)(3) of this
section, or elsewhere in this part, but the notification must occur before the performance test deadline uniess
the initial force majeure or a subsequent force majeure event delays the notice, and in such cases, the
notification shall occur as soon as practicable.

(i) The owner or operator shall provide to the Administrator a written description of the force majeure event
and a rationale for attributing the delay in testing beyond the regulatory deadline to the force majeure,



describe the measures taken or to be taken to minimize the detay; and identify a date by which the owner or
operator proposes to conduct the performance test. The performance test shall be conducted as soon as
practicable after the force majeure occurs.

(iii) The decision as to whether or not to grant an extension to the performance test deadline is solely within
the discretion of the Administrator. The Administrator will notify the owner or operator in writing of approval
or disapproval of the request for an extension as soon as practicable.

(iv) Until an extension of the performance test deadline has been approved by the Administrator under
paragraphs (a)(4)(i), (a)(4)(ii), and (a)(4)(iii) of this section, the owner or operator of the affected facility
remains strictly subject to the requirements of this part.

(b) Notification of performance test. (1) The owner or operator of an affected source must notify the
Administrator in writing of his or her intention to conduct a performance test at least 60 calendar days before
the performance test is initially scheduled to begin to allow the Administrator, upon request, to review an
approve the site-specific test plan required under paragraph (c) of this section and to have an observer
present during the test.

(2) In the event the owner or operator is unable to conduct the performance test on the date specified in the
notification requirement specified in paragraph (b)(1) of this section due to unforeseeable circumstances
beyond his or her control, the owner or operator must notify the Administrator as soon as practicable and
without delay prior to the scheduled performance test date and specify the date when the performance test
is rescheduled. This notification of delay in conducting the performance test shall not relieve the owner or
operator of legal responsibility for compliance with any other applicable provisions of this part or with any
other applicable Federal, State, or local requirement, nor will it prevent the Administrator from implementing
or enforcing this part or taking any other action under the Act.

(c) Quality assurance program. (1) The results of the quality assurance program required in this paragraph
will be considered by the Administrator when he/she determines the validity of a performance test.

(2)()) Submission of site-specific test plan. Before conducting a required performance test, the owner or
operator of an affected source shall develop and, if requested by the Administrator, shall submit a site-
specific test plan to the Administrator for approval. The test plan shall include a test program summary, the
test schedule, data quality objectives, and both an internal and external quality assurance (QA) program.
Data quality objectives are the pretest expectations of precision, accuracy, and completeness of data.

(i) The internal QA program shall include, at a minimum, the activities planned by routine operators and
analysts to provide an assessment of test data precision; an example of internal QA is the sampling and
analysis of repiicate samples.

(itiy The external QA program shall include, at a minimum, application of plans for a test method
performance audit (PA) during the performance test. The PA's consist of blind audit samples provided by the
Administrator and analyzed during the performance test in order to provide a measure of test data bias. The
external QA program may also include systems audits that include the opportunity for on-site evaluation by
the Administrator of instrument calibration, data validation, sample logging, and documentation of quality
control data and field maintenance activities.

(iv) The owner or operator of an affected source shall submit the site-specific test plan to the Administrator

upon the Administrator's request at least 60 calendar days before the performance test is scheduled to take
place, that is, simultaneously with the notification of intention to conduct a performance test required under

paragraph (b) of this section, or on a mutually agreed upon date.

(v) The Administrator may request additional relevant information after the submittal of a site-specific test
pian.

(3) Approval of site-specific test plan (I) The Administrator wil 'hb't»i;‘y"t'héVOWnér or operator of approvalor 7T T

intention to deny approval of the site-specific test plan (if review of the site-specific test plan is requested)
within 30 calendar days after receipt of the original plan and within 30 calendar days after receipt of any



supplgmentary information that is submitted under paragraph (c)(3)(i)(B) of this section. Before disapproving
any site-specific test plan, the Administrator will notify the applicant of the Administrator's intention to
disapprove the plan together with—

(A) Notice of the information and findings on which the intended disapproval is based; and

(B) Notice of opportunity for the owner or operator to present, within 30 calendar days after he/she is notified
of the intended disapproval, additional information to the Administrator before final action on the plan.

(ii) In the event that the Administrator fails to approve or disapprove the site-specific test plan within the time
period specified in paragraph (c)(3)(i) of this section, the following conditions shall apply:

(A) If the owner or operator intends to demonstrate compliance using the test method(s) specified in the
relevant standard or with only minor changes to those tests methods (see paragraph (e)(2)(i) of this section),
the owner or operator must conduct the performance test within the time specified in this section using the
specified method(s);

(B) If the owner or operator intends to demonstrate compliance by using an alternative to any test method
specified in the relevant standard, the owner or operator is authorized to conduct the performance test using
an alternative test method after the Administrator approves the use of the alternative method when the
Administrator approves the site-specific test plan (if review of the site-specific test plan is requested) or after
the alternative method is approved (see paragraph (f) of this section). However, the owner or operator is
authorized to conduct the performance test using an alternative method in the absence of notification of
approval 45 days after submission of the site-specific test plan or request to use an alternative method. The
owner or operator is authorized to conduct the performance test within 60 calendar days after he/she is
authorized to demonstrate compliance using an alternative test method. Notwithstanding the requirements in
the preceding three sentences, the owner or operator may proceed to conduct the performance test as
required in this section (without the Administrator's prior approval of the site-specific test plan) if he/she
subsequently chooses to use the specified testing and monitoring methods instead of an alternative.

(iif) Neither the submission of a site-specific test pian for approval, nor the Administrator's approval or
disapproval of a plan, nor the Administrator's failure to approve or disapprove a plan in a timely manner
shall—

(A) Relieve an owner or operator of legal responsibility for compliance with any applicabie provisions of this -
part or with any other applicabie Federal, State, or local requirement; or

(B) Prevent the Administrator from implementing or enforcing this part or taking any other action under the
Act.

(4)(i) Performance test method audit program. The owner or operator must analyze performance audit (PA)
samples during each performance test. The owner or operator must request performance audit materials 30
days prior to the test date. Audit materials including cylinder audit gases may be obtained by contacting the
appropriate EPA Regional Office or the responsible enforcement authority.

(i) The Administrator will have sole discretion to require any subsequent remedial actions of the owner or
operator based on the PA results.

(iii) If the Administrator fails to provide required PA materials to an owner or operator of an affected source in
time to analyze the PA samples during a performance test, the requirement to conduct a PA under this
paragraph shall be waived for such source for that performance test. Waiver under this paragraph of the
requirement to conduct a PA for a particular performance test does not constitute a waiver of the
requirement to conduct a PA for future required performance tests.

(d) Performance testing facilities. If required to do performance testing, the owner or operator of each new
source and, at the request of the Administrator, the owner or operator of each existing source, shall provide
performance testing facilities as follows:



(1) Sampling ports adequate for test methods applicable to such source. This includes:

(i) Constructing the air pollution control system such that volumetric flow rates and pollutant emission rates
can be accurately determined by applicable test methods and procedures; and

(i) Providing a stack or duct free of cycionic flow during performance tests, as demonstrated by applicable
test methods and procedures;

2) Séfe sampling platform(s);

(3) Safe access to sampling platform(s);

(4) Utilities for sampling and testing equipment; and

(5) Any other facilities that the Administrator deems necessary for safe and adequate testing of a source.

(e) Conduct of performance tests. (1) Performance tests shall be conducted under such conditions as the
Administrator specifies to the owner or operator based on representative performance (i.e., performance
based on normal operating conditions) of the affected source. Operations during periods of startup,
shutdown, and malfunction shall not constitute representative conditions for the purpose of a performance
test, nor shall emissions in excess of the level of the relevant standard during periods of startup, shutdown,
and malfunction be considered a violation of the relevant standard uniess otherwise specified in the relevant
standard or a determination of noncompliance is made under §63.6(e). Upon request, the owner or operator
shall make available to the Administrator such records as may be necessary to determine the conditions of
performance tests.

(2) Performance tests shall be conducted and data shall be reduced in accordance with the test methods
and procedures set forth in this section, in each relevant standard, and, if required, in applicable appendices
of parts 51, 60, 61, and 63 of this chapter unless the Administrator—

(i) Specifies or approves, in specific cases, the use of a test method with minor changes in methodology
(see definition in §63.90(a)). Such changes may be approved in conjunction with approval of the site-specific
test plan (see paragraph (c) of this section); or

(i) Approves the use of an intermediate or major change or alternative to a test method (see definitions in
§63.90(a)), the results of which the Administrator has determined to be adequate for indicating whether a
specific affected source is in compliance; or

(iii) Approves shorter sampling times or smaller sample volumes when necessitated by process variables or
other factors; or

(iv) Waives the requirement for performance tests because the owner or operator of an affected source has
demonstrated by other means to the Administrator's satisfaction that the affected source is in compliance
with the relevant standard.

(3) Unless otherwise specified in a relevant standard or test method, each performance test shall consist of
three separate runs using the applicable test method. Each run shall be conducted for the time and under
the conditions specified in the relevant standard. For the purpose of determining compliance with a relevant
standard, the arithmetic mean of the results of the three runs shall apply. Upon receiving approval from the
Administrator, results of a test run may be replaced with results of an additional test run in the event that—

(i) A sample is accidentally lost after the testing team leaves the site; or

(il) Conditions occur in which one of the three runs must be discontinued because of forced shutdown:-or- . .. —-. ...

(iif) Extreme meteorological conditions occur; or



(iv) Other circumstances occur that are beyond the owner or operator's control.

(4) Nothing in paragraphs (e)(1) through (e)(3) of this section shall be constfued to abrogate the
Administrator's authority to require testing under section 114 of the Act.

(f) Use of an altemative test method —(1) General. Until authorized to use an intermediate or major change
or alternative to a test method, the owner or operator of an affected source remains subject to the
requirements of this section and the relevant standard.

(2) The owner or operator of an affected source required to do performance testing by a relevant standard
may use an alternative test method from that specified in the standard provided that the owner or operator—

(i) Notifies the Administrator of his or her intention to use an alternative test method at least 60 days before
the performance test is scheduled to begin; ‘

(i) Uses Method 301 in appendix A of this part to validate the alternative test method. This may include the

use of specific procedures of Method 301 if use of such procedures are sufficient to validate the alternative
test method; and

(iif) Submits the results of the Method 301 validation process along with thnotification of intention and the
justification for not using the specified test method. The owner or operator may submit the information
required in this paragraph well in advance of the deadline specified in paragraph (f)(2)(i) of this section to
ensure a timely review by the Administrator in order to meet the performance test date specified in this
section or the relevant standard.

(3) The Administrator will determine whether the owner or operator's validation of the proposed altemative
test method is adequate and issue an approval or disapproval of the alternative test method. If the owner or
operator intends to demonstrate compliance by using an alternative to any test method specified in the
relevant standard, the owner or operator is authorized to conduct the performance test using an alternative
test method after the Administrator approves the use of the alternative method. However, the owner or
operator is authorized to conduct the performance test using an alternative method in the absence of
notification of approval/disapproval 45 days after submission of the request to use an alternative method and
the request satisfies the requirements in paragraph (f)(2) of this section. The owner or operator is authorized
to conduct the performance test within 60 calendar days after he/she is authorized to demonstrate
compliance using an alternative test method. Notwithstanding the requirements in the preceding three
sentences, the owner or operator may proceed to conduct the performance test as required in this section
(without the Administrator's prior approval of the site-specific test pian) if he/she subsequently chooses to
use the specified testing and monitoring methods instead of an alternative.

(4) if the Administrator finds reasonable grounds to dispute the results obtained by an alternative test
method for the purposes of demonstrating compliance with a relevant standard, the Administrator may
require the use of a test method specified in a relevant standard.

(5) 1 the owner or operator uses an alternative test method for an affected source during a required
performance test, the owner or operator of such source shall continue to use the alternative test method for
subsequent performance tests at that affected source until he or she receives approval from the
Administrator to use another test method as allowed under §63.7(f).

(6) Neither the validation and approval process nor the failure to validate an alternative test method shall
abrogate the owner or operator's responsibility to comply with the requirements of this part.

(g) Data analysis, recordkeeping, and reporting. (1) Unless otherwise specified in a relevant standard or test
method, or as otherwise approved by the Administrator in writing, results of a performance test shall include
- the analysis of samples, determination of emissions, and raw data. A performance test is “completed” when
field sample collection is terminated. The owner or operator of an affected source shall report the results of
the performance test to the Administrator before the close of business on the 60th day following the
completion of the performance test, unless specified otherwise in a relevant standard or as approved
otherwise in writing by the Administrator (see §63.9(i)). The results of the performance test shall be



submitted as part of the notification of compliance status required under §63.9(h). Before a title V permit has
been issued to the owner or operator of an affected source, the owner or operator shall send the results of
the performance test to the Administrator. After a title V permit has been issued to the owner or operator of
an affected source, the owner or operator shall send the results of the performance test to the appropriate
permitting authority.

(2) [Reserved]

(3) For a minimum of 5 years after a performance test is conducted, the owner or operator shall retain and
make available, upon request, for inspection by the Administrator the records or results of such performance
test and other data needed to determine emissions from an affected source.

(h) Waiver of performance tests. (1) Until a waiver of a performance testing requirement has been granted

. by the Administrator under this paragraph, the owner or operator of an affected source remains subject to

the requirements of this section.

(2) Individual performance tests may be waived upon written application to the Administrator if, in the
Administrator's judgment, the source is meeting the relevant standard(s). on a continuous basis, or the
source is being operated under an extension of compliance, or the owner or operator has requested an
extension of compliance and the Administrator is still con5|derlng that request.

(3) Request to waive a performance test. (i) )f a request is made for an extension of compliance under
§63.6(i), the application for a waiver of an initial performance test shall accompany the information required
for the request for an extension of compliance. If no extension of compliance is requested or if the owner or
operator has requested an extension of compliance and the Administrator is still considering that request,
the application for a waiver of an initial performance test shall be submitted at least 60 days before the
performance test if the site-specific test plan under paragraph (c) of this section is not submitted. -

(i) if an application for a waiver of a subsequent performance test is made, the application may accompany

" any required compliance progress report, compliance status report, or excess emissions and continuous

monitoring system performance report [such as those required under §63.6(i), §63.9(h), and §63.10(e) or
specified in a relevant standard or in the source's title V permit], but it shall be submitted at least 60 days
before the performance test if the site-specific test plan required under paragraph (c) of this section is not
submitted.

(i) Any application for a waiver of a performance test shall include information justifying the owner or
operator's request for a waiver, such as the technical or economic infeasibility, or the impracticality, of the
affected source performing the required test.

(4) Approval of request to waive performance test. The Administrator will approve or deny a request for a
waiver of a performance test made under paragraph (h)(3) of this section when he/she—

(i) Approves or denies an extension of compliance under §63.6(i)(8); or
(if) Approves or disapproves a site-specific test plan under §63.7(c)(3); or

(iii) Makes a determination of compliance following the submission of a required compliance status report or
excess emissions and continuous monitoring systems performance report; or

(iv) Makes a determination of suitable progress towards compliance following the submission of a
compliance progress report, whichever is applicable.

(5) Approval of any waiver granted under this section shall not abrogate the Administrator's authority under
the Act or in any way prohibit the Administrator from later canceling the waiver. The cancellatlon WI“ be
made only after notice’i$ givén to the owner or operator of the affected source: =~~~ - == ==+ ~ e oL




[59 FR 12430, Mar. 16, 1994, as amended at 65 FR 62215, Oct. 17, 2000; 67 FR 16602, Apr. 5, 2002; 72
FR 27443, May 16, 2007)

§ 63.8 Monitoring requirements.
(a) Applicability. (1) The applicability of this section is set out in §63.1(a)(4).

(2) For the purposes of this part, all CMS required under relevant standards shall be subject to the
provisions of this section upon promulgation of performance specifications for CMS as specified in the
relevant standard or otherwise by the Administrator.

(3) [Reserved]

4) Additional monitoring requirements for control devices used to comply with provisions in relevant
standards of this part are specified in §63.11.

(b) Conduct of monitoring. (1) Monitoring shall be conducted as set forth in this section and the relevant
standard(s) unless the Administrator—

(i) Specifies or approves the use of minor changes in methodoiogy for the specified monitoring requirements
and procedures (see §63.90(a) for definition); or

(ii) Approves the use of an intermediate or major change or alternative to any monitoring requirements or
procedures (see §63.90(a) for definition).

(iii) Owners or operators with flares subject to §63.11(b) are not subject to the requirements of this section
unless otherwise specified in the relevant standard.

(2)(i) When the emissions from two or more affected sources are combined before being released to the
atmosphere, the owner or operator may install an applicable CMS for each emission stream or for the
combined emissions streams, provided the monitoring is sufficient to demonstrate compliance with the
relevant standard. '

(ii) If the relevant standard is a mass emission standard and the emissions from one affected source are
released to the atmosphere through more than one point, the owner or operator must install an applicable
CMS at each emission point uniess the installation of fewer systems is— :

(A) Approved by the Administrator; or

(B) Provided for in a relevant standard (e.g., instead of requiring that a CMS be instalied at each emission
point before the effluents from those points are channeled to a common control device, the standard
specifies that only one CMS is required to be instailed at the vent of the controi device).

(3) When more than one CMS is used to measure the emissions from one affected source (e.g., muitiple
breechings, multiple outlets), the owner or operator shall report the results as required for each CMS.

_ However, when one CMS is used as a backup to another CMS, the owner or operator shall report the results
from the CMS used to meet the monitoring requirements of this part. If both such CMS are used during a
particular reporting period to meet the monitoring requirements of this part, then the owner or operator shall
report the results from each CMS for the relevant compliance period.

(c) Operation and maintenance of continuous monitoring systems. (1) The owner or operator of an affected
source shall maintain and operate each CMS as specified in this section, or in a relevant standard, andina
manner consistent with good air pollution control practices. (i) The owner or operator of an affected source
must maintain and operate each CMS as specified in §63.6(e)(1).



(i) The owner or operator must keep the necessary parts for routine repairs of the affected CMS equipment
readily available.

(iii) The owner or operator of an affected source must develop a written startup, shutdown, and malfunction
plan for CMS as specified in §63.6(e)(3).

(2)(i) Al CMS must be installed such that representative measures of emissions or process parameters from
the affected source are obtained. !n addition, CEMS must be located according to procedures contained in
the applicable performance specification(s).

(ii) Unless the individual subpart states otherwise, the owner or operator must ensure the read out (that
portion of the CMS that provides a visual display or record), or other indication of operation, from any CMS
required for compliance with the emission standard is readily accessible on site for operational control or
inspection by the operator of the equipment.

(3) All CMS shall be installed, operational, and the data verified as specified in the relevant standard either
prior to or in conjunction with conducting performance tests under §63.7. Verification of operational status
shall, at a minimum, include completion of the manufacturer's written specifications or recommendations for
installation, operation, and calibration of the system.

(4) Except for system breakdowns, out-of-control periods, repairs, maintenance periods, calibration checks,
and zero (low-level) and high-leve! calibration drift adjustments, all CMS, including COMS and CEMS, shall
be in continuous operation and shall meet minimum frequency of operation requirements as follows:

(i) All COMS shall complete a minimum of one cycle of sampling and analyzing for each successive 10-
second period and one cycle of data recording for each successive 6-minute period.

(i) All CEMS for measuring emissions other than opacity shall complete a minimum of one cycle of
operation (sampling, analyzing, and data recording) for each successive 15-minute period.

(5) Unless otherwise approved by the Administrator, minimum procedures for COMS shall include a method
for producing a simulated zero opacity condition and an upscale (high-level) opacity condition using a
certified neutral density filter or other related technique to produce a known obscuration of the light beam.
Such procedures shall provide a system check of all the analyzer's internal optical surfaces and all electronic
circuitry, including the lamp and photodetector assembly normally used in the measurement of opacity.

(6) The owner or operator of a CMS that is not a CPMS, which is installed in accordance with the provisions
of this part and the applicable CMS performance specification(s), must check the zero (low-level) and high-
level calibration drifts at least once daily in accordance with the written procedure specified in the
performance evaluation pian developed under paragraphs (e)(3)(i) and (ii) of this section. The zero (low-
level) and high-level calibration drifts must be adjusted, at a minimum, whenever the 24-hour zero (low-level)
drift exceeds two times the limits of the applicable performance specification(s) specified in the relevant
standard. The system shall allow the amount of excess zero (low-level) and high-level drift measured at the
24-hour interval checks to be recorded and quantified whenever specified. For COMS, all optical and
instrumental surfaces exposed to the effluent gases must be cleaned prior to performing the zero (low-level)
and high-ievel drift adjustments; the optical surfaces and instrumental surfaces must be cleaned when the
cumulative automatic zero compensation, if applicable, exceeds 4 percent opacity. The CPMS must be
calibrated prior to use for the purposes of complying with this section. The CPMS must be checked daily for
indication that the system is responding. If the CPMS system includes an internal system check, results
must be recorded and checked daily for proper operation.

(7)(H) A CMS is out of controf if—

(A) The zero (low-level), mid-level (if applicable), or high-level calibration drift (CD) exceeds two times the
--— -applicable CD specification-in-the applicable performance specification or in the relevant standard; or _

(B) The CMS fails a performance test audit (e.g., cylinder gas aUdit), relative accuracy audit, relative
accuracy test audit, or linearity test audit; or




(C) The COMS CD exceeds two times the limit in the applicable performance specification in the relevant
standard.

(i) When the CMS is out of control, the owner or operator of the affected source shall take the necessary
corrective action and shall repeat all necessary tests which indicate that the system is out of control. The
owner or operator shall take corrective action and conduct retesting until the performance requirements are
below the applicable limits. The beginning of the out-of-control period is the hour the owner or operator
conducts a performance check (e.g., calibration drift) that indicates an exceedance of the performance
requirements established under this part. The end of the out-of-control period is the hour following the
completion of corrective action and successful demonstration that the system is within the allowable limits.
During the period the CMS is out of control, recorded data shall not be used in data averages and
calculations, or to meet any data availability requirement established under this part.

(8) The owner or operator of a CMS that is out of control as defined in paragraph (c)(7) of this section shall
submit all information concerning out-of-control periods, including start and end dates and hours and
descriptions of corrective actions taken, in the excess emissions and continuous monitoring system
performance report required in §63.10(e)(3).

(d) Quality control program. (1) The results of the quality control program required in this paragraph will be
considered by the Administrator when he/she determines the validity of monitoring data.

(2) The owner or operator of an affected source that is required to use a CMS and is subject to the
monitoring requirements of this section and a relevant standard shall develop and implement a CMS quality
control program. As part of the quality control program, the owner or operator shall develop and submit to
the Administrator for approval upon request a site-specific performance evaluation test plan for the CMS
performance evaluation required in paragraph (e)(3)(i) of this section, according to the procedures specified
in paragraph (e). In addition, each quality control program shalt include, at a minimum, a wrltten protocol that
describes procedures for each of the following operations:

(i) Initial and any subsequent calibration of the CMS;

(if) Determination and adjustment of the calibration drift of the CMS;

(iii) Preventive maintenance of the CMS, including spare paﬁs inventory;

(iv) Data recording, calculations, and reporting;

(v) Accuracy audit procedures, including sampling and analysis methods; and
(vi) Program of corrective action for a malfunctioning CMS.

(3) The owner or operator shall keep these written procedures on record for the life of the affected source or
until the affected source is no longer subject to the provisions of this part, to be made available for
inspection, upon request, by the Administrator. If the performance evaluation plan is revised, the owner or
operator shall keep previous (i.e., superseded) versions of the performance evaluation plan on record to be
made available for inspection, upon request, by the Administrator, for a period of 5 years after each revision
to the plan. Where relevant, e.g., program of corrective action for a malfunctioning CMS, these written
procedures may be incorporated as part of the affected source's startup, shutdown, and malfunction plan to
avoid duplication of planning and recordkeeping efforts.

(e) Perfonmance evaluation of continuous monitoring systems —(1) General. When required by a relevant
standard, and at any other time the Administrator may require under section 114 of the Act, the owner or
operator of an affected source being monitored shall conduct a performance evaluation of the CMS. Such
performance evaluation shall be conducted according to the applicable specifications and procedures
described in this section or in the relevant standard.

(2) Notification of performance evaluation. The owner or operator shall notify the Administrator in writing of
the date of the performance evaluation simultaneously with the notification of the performance test date



required under §63.7(b) or at least 60 days prior to the date the performance evaluation is scheduled to
begin if no performance test is required.

(3)(i) Submission of site-specific performance evaluation test plan. Before conducting a required CMS
performance evaluation, the owner or operator of an affected source shall develop and submit a site-specific
performance evaluation test plan to the Administrator for approval upon request. The performance
evaluation test plan shall include the evaluation program objectives, an evaluation program summary, the
performance evaluation schedule, data quality objectives, and both an internal and external QA program.
Data quality objectives are the pre-evaluation expectations of precision, accuracy, and completeness of
data. '

(i) The internal QA pragram shall include, at a minimum, the activities planned by routine operators and
analysts to provide an assessment of CMS performance. The external QA program shall include, at a
minimum, systems audits that include the opportunity for on-site evaluation by the Administrator of
instrument calibration, data validation, sample logging, and documentation of quality control data and field
maintenance activities.

(iii) The owner or aperator of an affected source shall submit the site-specific performance evaluation test
plan to the Administrator (if requested) at least 60 days before the performance test or performance
evaluation is scheduled to begin, or on a mutually agreed upon date, and review and approval of the
performance evaluation test plan by the Administrator will occur with the review and approval of the site-
specific test plan (if review of the site-specific test plan is requested).

(iv) The Administrator may request additional relevant information after the submittal of a site-specific
performance evaluation test plan.

(v) in the event that the Administrator fails to approve or disapprove the site-specific performance evaluation
test plan within the time period specified in §63.7(c)(3), the following conditions shall apply:

(A) If the owner or operator intends to demonstrate compliance using the monitoring method(s) specified in
the relevant standard, the owner or operator shall conduct the performance evaluation within the time
specified in this subpart using the specified method(s); .

(B) If the owner or operator intends to demonstrate compliance by using an alternative to a monitoring
method specified in the relevant standard, the owner or operator shall refrain from conducting the
performance evaluation until the Administrator approves the use of the alternative method. If the
Administrator does not approve the use of the alternative method within 30 days before the performance
evaluation is scheduled to begin, the performance evaluation deadlines specified in paragraph (e)(4) of this
section may be extended such that the owner or operator shall conduct the performance evaluation within
60 calendar days after the Administrator approves the use of the alternative method. Notwithstanding the
requirements in the preceding two sentences, the owner or operator may proceed to conduct the
performance evaluation as required in this section (without the Administrator's prior approval of the site-
specific performance evaluation test plan) if he/she subsequently chooses to use the specified monitoring
method(s) instead of an alternative.

(vi) Neither the submission of a site-specific performance evaluation test plan for approval, nor the
Administrator's approval or disapproval of a plan, nor the Administrator's failure to approve or disapprove a
plan in a timely manner shall—

(A) Relieve an owner or aperator of legal responsibility for compliance with any applicable provisions of this
part or with any other applicable Federal, State, or local requirement; or

(B) Prevent the Administrator from implementing or enforcing this part or taking any other action under the
Act.

(4) Conduct of performance é.vail:;'éti‘oﬁ.;ahii—p'ér'%or-rhéﬁéé evaluation dates. The owner or operator of an
affected source shall conduct a performance evaluation of a required CMS during any performance test
required under §63.7 in accordance with the applicable performance specification as specified in the



relevant standard. Notwithstanding the requirement in the previous sentence, if the owner or operator of an
affected source elects to submit COMS data for compliance with a relevant opacity emission standard as
provided under §63.6(h)(7), he/she shall conduct a performance evaluation of the COMS as specified in the
relevant standard, before the performance test required under §63.7 is conducted in time to submit the
results of the performance evaluation as specified in paragraph (e)(5)(ii) of this section. If a performance test
is not required, or the requirement for a performance test has been waived under §63.7(h), the owner or
operator of an affected source shall conduct the performance evaluation not fater than 180 days after the
appropriate compliance date for the affected source, as specified in §63.7(a), or as otherwise specified in
the relevant standard.

(5) Reporting performance evaluation results. (i) The owner or operator shall furnish the Administrator a
copy of a written report of the results of the performance evaluation simultaneously with the results of the
performance test required under §63.7 or within 60 days of completion of the performance evaluation if no
test is required, unless otherwise specified in a relevant standard. The Administrator may request that the
owner or operator submit the raw data from a performance evaluation in the report of the performance
evaluation results.

(ii) The owner or operator of an affected source using a COMS to determine opacity compliance during any
performance test required under §63.7 and described in §63.6(d)(6) shall furnish the Administrator two or,
upon request, three copies of a written report of the results of the COMS performance evaluation under this
paragraph. The copies shall be provided at least 15 calendar days before the performance test required
under §63.7 is conducted. )

(f) Use of an altemative monitoring method. —(1) General. Until permission to use an alternative monitoring
procedure (minor, intermediate, or major changes; see definition in §63.90(a)) has been granted by the
Administrator under this paragraph (f)(1), the owner or operator of an affected source remains subject to the
requirements of this section and the relevant standard.

(2) After receipt and consideration of written application, the Administrator may approve alternatives to any
monitoring methods or procedures of this part including, but not limited to, the following:

(i) Alternative monitoring requirements when installation of a CMS specified by a relevant standard would
not provide accurate measurements due to liquid water or other interferences caused by substances within
the effluent gases;

(i) Alternative monitoring requirements when the affected source is infrequently operated;

(iii) Alternative monitoring requirements to accommodate CEMS that require additional measurements to
correct for stack moisture conditions;

(iv) Alternative locations for installing CMS when the owner or operator can demonstrate that installation at
alternate locations will enable accurate and representative measurements;

(v) Alternate methods for converting poliutant concentration measurements to units of the relevant standard,;

(vi) Alternate procedures for performing daily checks of zero (low-level) and high-level drift that do not
involve use of high-level gases or test cells;

(vii) Alternatives to the American Society for Testing and Materials (ASTM) test methods or sampling
procedures specified by any relevant standard;

(viii) Alternative CMS that do not meet the design or performance requirements in this part, but adequately
demonstrate a definite and consistent relationship between their measurements and the measurements of
opacity by a system complying with the requirements as specified in the relevant standard. The
Administrator may require that such demonstration be performed for each affected source; or

(ix) Alternative monitoring requirements when the effluent from a single affected source or the compjned
effluent from two or more affected sources is released to the atmosphere through more than one point.



(3) If the Administrator finds reasonable grounds to dispute the results obtained by an alternative monitoring
method, requirement, or procedure, the Administrator may require the use of a method, requirement, or
procedure specified in this section or in the relevant standard. If the resuits of the specified and alternative
method, requirement, or procedure do not agree, the results obtained by the specified method, requirement,
or procedure shall prevail.

(4)(i) Request to use altemative monitoring procedure. An owner or operator who wishes to use an
alternative monitoring procedure must submit an application to the Administrator as described in paragraph
(A(4)(ii) of this section. The application may be submitted at any time provided that the monitoring procedure
is not the performance test method used to demonstrate compliance with a relevant standard or other
requirement. If the alternative monitoring procedure will serve as the performance test method that is to be
used to demonstrate compliance with a relevant standard, the application must be submitted at least 60
days before the performance evaluation is scheduled to begin and must meet the requirements for an
alternative test method under §63.7(f).

(i) The application must contain a description of the proposed alternative monitoring system which
addresses the four elements contained in the definition of monitoring in §63.2 and a performance evaluation
test plan, if required, as specified in paragraph (e)(3) of this section. In addition, the application must include
information justifying the owner or operator's request for an alternative monitoring method, such as the
technical or economic infeasibility, or the impracticality, of the affected source using the required method.

(iiiy The owner or operator may submit the information required in this paragraph well in advance of the
submittal dates specified in paragraph (f)(4)(i) above to ensure a timely review by the Administrator in order
to meet the compliance demonstration date specified in this section or the relevant standard.

(iv) Application for minor changes to monitoring procedures, as specified in paragraph (b)(1) of this section,
may be made in the site-specific performance evaluation plan.

(5) Approval of request to use altemative monitoring procedure. (i) The Administrator will notify the owner or
operator of approval or intention to deny approval of the request to use an alternative monitoring method
within 30 calendar days after receipt of the original request and within 30 calendar days after receipt of any
supplementary information that is submitted. If a request for a minor change is made in conjunction with site-
specific performance evaluation plan, then approval of the plan will constitute approval of the minor change.
Before disapproving any request to use an alternative monitoring method, the Administrator will notify the
applicant of the Administrator's intention to disapprove the request together with—

(A) Notice of the information and findings on which the intended disapproval is based; and

(B) Notice of opportunity for the owner or operator to present additional information to the Administrator
before final action on the request. At the time the Administrator notifies the applicant of his or her intention to
disapprove the request, the Administrator will specify how much time the owner or operator will have after
being notified of the intended disapproval to submit the additional information.

(i) The Administrator may establish general procedures and criteria in a relevant standard to accomplish the
requirements of paragraph (f)(5)(i) of this section.

(iii) If the Administrator approves the use of an alternative monitoring method for an affected source under
paragraph (f)(5)(i) of this section, the owner or operator of such source shall continue to use the alternative
monitoring method until he or she receives approval from the Administrator to use another monitoring
method as allowed by §63.8(f).

(6) Altemative to the relative accuracy test. An alternative to the relative accuracy test for CEMS specified in
a relevant standard may be requested as follows:

- (i) Criteria-for approval of altemative procedures.. An alternative to the test method for determining relative
accuracy is available for affected sources with emission rates demonstrated to be less than 50 percent of =
the relevant standard. The owner or operator of an affected source may petition the Administrator under
paragraph (f)(6)(ii) of this section to substitute the relative accuracy test in section 7 of Performance



Specification 2 with the procedures in section 10 if the results of a performance test conducted according to
the requirements in §63.7, or other tests performed following the criteria in §63.7, demonstrate that the
emission rate of the pollutant of interest in the units of the relevant standard is less than 50 percent of the
relevant standard. For affected sources subject to emission limitations expressed as control efficiency levels,
the owner or operator may petition the Administrator to substitute the relative accuracy test with the
procedures in section 10 of Performance Specification 2 if the control device exhaust emission rate is less
than 50 percent of the level needed to meet the control efficiency requirement. The alternative procedures
do not apply if the CEMS is used continuously to determine compliance with the relevant standard.

(i) Petition to use altemative fo relative accuracy test. The petition to use an alternative to the relative
accuracy test shall include a detailed description of the procedures to be applied, the location and the

~ procedure for conducting the alternative, the concentration or response levels of the alternative relative

accuracy materials, and the other equipment checks included in the alternative procedure(s). The

Administrator will review the petition for completeness and applicability. The Administrator's determination to

approve an alternative will depend on the intended use of the CEMS data and may require specifications

more stringent than in Performance Specification 2.

(iii) Rescission of approval to use alternative to relative accuracy test. The Administrator will review the
permission to use an alternative to the CEMS relative accuracy test and may rescind such permission if the
CEMS data from a successful completion of the alternative relative accuracy procedure indicate that the
affected source's emissions are approaching the level of the relevant standard. The criterion for reviewing
the permission is that the collection of CEMS data shows that emissions have exceeded 70 percent of the
relevant standard for any averaging period, as specified in the relevant standard. For affected sources
subject to emission limitations expressed as control efficiency levels, the criterion for reviewing the
permission is that the collection of CEMS data shows that exhaust emissions have exceeded 70 percent of
the level needed to meet the control efficiency requirement for any averaging period, as specified in the
relevant standard. The owner or operator of the affected source shall maintain records and determine the
level of emissions relative to the criterion for permission to use an alternative for relative accuracy testing. If
this criterion is exceeded, the owner or operator shall notify the Administrator within 10 days of such
occurrence and include a description of the nature and cause of the increased emissions. The Administrator
will review the notification and may rescind permission to use an alternative and require the owner or
operator to conduct a relative accuracy test of the CEMS as specified in section 7 of Performance
Specification 2.

(g) Reduction of monitoring data. (1) The awner or operator of each CMS must reduce the monitoring data
as specified in paragraphs (g)(1) through (5) of this section.

(2) The owner or operator of each COMS shall reduce all data to 6-minute averages caiculated from 36 or
more data points equally spaced over each 6-minute period. Data from CEMS for measurement other than
opacity, unless otherwise specified in the relevant standard, shall be reduced to 1-hour averages computed
from four or more data points equally spaced over each 1-hour period, except during periods when
calibration, quality assurance, or maintenance activities pursuant to provisions of this part are being
performed. During these periods, a valid hourly average shall consist of at least two data points with each

representing a 15-minute period. Alternatively, an arithmetic or integrated 1-hour average of CEMS data
may be used. Time periods for averaging are defined in §63.2.

(3) The data may be recorded in reduced or nonreduced form (e.g., ppm pollutant and percent Ozor ng/J of
pollutant).

(4) All emission data shall be converted into units of the relevant standard for reporting purposes using the
conversion procedures specified in that standard. After conversion into units of the relevant standard, the
data may be rounded to the same number of significant digits as used in that standard to specify the
emission limit (e.g., rounded to the nearest 1 percent opacity).

(5) Monitoring data recorded during periods of unavoidable CMS breakdowns, out-of-control periods,
repairs, maintenance periods, calibration checks, and zero (low-level) and high-level adjustments must not
be included in any data average computed under this part. For the owner or operator complying with the
requirements of §63.10(b)(2)(vii)(A) or (B), data averages must include any data recorded during periods of
monitor breakdown or malfunction.



[69 FR 12430, Mar. 16, 1994, as amended at 64 FR 7468, Feb. 12, 1999; 67 FR 16603, Apr. 5, 2002; 71 FR
20455, Apr. 20, 2008]

§ 63.9 Notification requirements.
(a) Applicability and general information. (1) The applicability of this section is set out in §63.1(a)(4).

(2) For affected sources that have been granted an extension of compliance under subpart D of this part, the
requirements of this section do not apply to those sources while they are operating under such compliance
extensions.

(3) If any State requires a notice that contains all the information required in a notification listed in this
section, the owner or operator may send the Administrator a copy of the notice sent to the State to satisfy
the requirements of this section for that notification.

(4)(i) Before a State has been delegated the authority to implement and enforce notification requirements
established under this part, the owner or operator of an affected source in such State subject to such
requirements shall submit notifications to the appropriate Regional Office of the EPA (to the attention of the
Director of the Division indicated in the list of the EPA Regional Offices in §63.13).

(ii) After a State has been delegated the authority to impiement and enforce notification requirements
established under this part, the owner or operator of an affected source in such State subject to such
requirements shall submit notifications to the delegated State authority (which may be the same as the
permitting authority). In addition, if the delegated (permitting) authority is the State, the owner or operator
shall send a copy of each notification submitted to the State to the appropriate Regional Office of the EPA,
as specified in paragraph (a)(4)(i) of this section. The Regional Office may waive this requirement for any
notifications at its discretion.

(b) Initial notifications. (1)(i) The requirements of this paragraph apply to the owner or operator of an affected
source when such source becomes subject to a relevant standard.

(ii) If an area source that otherwise would be subject to an emission standard or other requirement
established under this part if it were a major source subsequently increases its emissions of hazardous air
pollutants (or its potential to emit hazardous air pollutants) such that the source is a major source that is
subject to the emission standard or other requirement, such source shall be subject to the notification
requirements of this section.

(iiiy Affected sources that are required under this paragraph to submit an initial notification may use the
application for approval of construction or reconstruction under §63.5(d) of this subpart, if relevant, to fulfill
the initial notification requirements of this paragraph.

(2) The owner or operator of an affected source that has an initial startup before the effective date of a
relevant standard under this part shall notify the Administrator in writing that the source is subject to the
relevant standard. The notification, which shall be submitted not later than 120 calendar days after the
effective date of the relevant standard (or within 120 calendar days after the source becomes subject to the
relevant standard), shall provide the following information:

(i) The name and address of the owner or operator;
(i) The address (i.e., physical location) of the affected source;

(iii) An identification of the relevant standard, or other requirement, that is the basis of the notification and
the source's compliance date;

(|v) A brief descrlptlon of the nature, size, de5|gn and method of operatlon of the sourceandan

identification of the types of emission points within the affected source subject to the relevant standard and
types of hazardous air pollutants emitted; and



(v) A statement of whether the affected source is a major source or an area source.
(3) [Reserved]

(4) The owner or operator of a new or reconstructed major affected source for which an application for

approval of construction or reconstruction is required under §63.5(d) must provide the following information
in writing to the Administrator:

(i) A notification of intention to construct a new major-emitting affected source, reconstruct a major-emitting
affected source, or reconstruct a major source such that the source becomes a major-emitting affected
source with the application for approval of construction or reconstruction as specified in §63.5(d)(1)(i); and

(ii)—(iv) [Reserved]

(v) A notification of the actual date of startup of the source, delivered or postmarked within 15 calendar days
after that date.

(5) The owner or operator of a new or reconstructed affected source for which an application for approval of
construction or reconstruction is not required under §63.5(d) must provide the following information in writing
to the Administrator: .

(i) A notification of intention to construct a new affected source, reconstruct an affected source, or
reconstruct a source such that the source becomes an affected source, and

(ii) A notification of the actual date of startup of the source, delivered or postmarked within 15 calendar days
after that date.

(iii) Unless the owner or operator has requested and received prior permission from the Administrator to
submit less than the information in §63.5(d), the notification must include the information required on the
application for approval of construction or reconstruction as specified in §63.5(d)(1)(i).

(c) Request for extension of compliance. If the owner or operator of an affected source cannot comply with a
relevant standard by the applicable compliance date for that source, or if the owner or operator has installed
BACT or technology to meet LAER consistent with §63.6(i)(5) of this subpart, he/she may submit to the
Administrator (or the State with an approved permit program) a request for an extension of compliance as
specified in §63.6(i)(4) through §63.6(i)(6).

(d) Notification that source is subject to special compliance requirements. An owner or operator of a new
source that is subject to special compliance requirements as specified in §63.6(b)(3) and §63.6(b)(4) shalt
notify the Administrator of his/her compliance obligations not later than the notification dates established in
paragraph (b) of this section for new sources that are not subject to the special provisions.

(e) Notification of performance test. The owner or operator of an affected source shall notify the
Administrator in writing of his or her intention to conduct a performance test at least 60 calendar days before
the performance test is scheduled to begin to allow the Administrator to review and approve the site-specific
test plan required under §63.7(c), if requested by the Administrator, and to have an observer present during
the test.

(f) Notification of opacity and visible emission observations. The owner or operator of an affected source
shall notify the Administrator in writing of the anticipated date for conducting the opacity or visible emission
observations specified in §63.6(h)(5), if such observations are required for the source by a relevant
standard. The notification shall be submitted with the notification of the performance test date, as specified
in paragraph (e) of this section, or if no performance test is required or visibility or other conditions prevent
the opacity or visible emission observations from being conducted concurrently with the initial performance
test required under §63.7, the owner or operator shall deliver or postmark the notification not less than 30
days before the opacity or visible emission observations are scheduled to take place.



(9) Additional notification requirements for sources with continuous monitoring systems. The owner or
operator of an affected source required to use a CMS by a relevant standard shall furnish the Administrator
written notification as follows:

(1) A notification of the date the CMS performance evaluation under §63.8(e) is scheduled to begin,
submitted simultaneously with the notification of the performance test date required under §63.7(b). If no
performance test is required, or if the requirement to conduct a performance test has been waived for an
affected source under §63.7(h), the owner or operator shall notify the Administrator in writing of the date of
the performance evaluation at least 60 calendar days before the evaluation is scheduled to begin;

(2) A notification that COMS data results will be used to determine compliance with the applicable opacity
emission standard during a performance test required by §63.7 in lieu of Method 9 or other opacity
emissions test method data, as allowed by §63.6(h)(7)(ii), if compliance with an opacity emission standard is
required for the source by a relevant standard. The notification shall be submitted at least 60 calendar days
before the performance test is scheduled to begin; and

(3) A notification that the criterion necessary to continue use of an alternative to relative accuracy testing, as
provided by §63.8(f)(6), has been exceeded. The notification shall be delivered or postmarked not later than
10 days after the occurrence of such exceedance, and it shall include a description of the nature and cause
of the increased emissions.

(h) Notification of compliance status. (1) The requirements of paragraphs (h)(2) through (h)(4) of this section
apply when an affected source becomes subject to a relevant standard.

(2)(i) Before a titie V permit has been issued to the owner or operator of an affected source, and each time a
notification of compliance status is required under this part, the owner or operator of such source shall
submit to the Administrator a notification of compliance status, signed by the responsible official who shall
certify its accuracy, attesting to whether the source has complied with the relevant standard. The notification
shall list—

(A) The methods that were used to determine compliance;

(B) The results of any performance tests, opacity or visible emission observations, continuous monitoring
system (CMS) performance evaluations, and/or other monitoring procedures or methods that were
conducted;

(C) The methods that will be used for determining continuing compliance, including a descnp’uon of
monitoring and reporting requirements and test methods;

(D) The type and quantity of hazardous air pollutants emitted by the source (or surrogate pollutants if
specified in the relevant standard), reported in units and averaging times and in accordance with the test
methods specified in the relevant standard;

(E) If the relevant standard applies to both major and area sources, an analysis demonstrating whether the
affected source is a major source (using the emissions data generated for this notification);

(F) A description of the air poliution control equipment (or method) for each emission point, including each
control device (or method) for each hazardous air pollutant and the control efficiency (percent) for each
control device (or method); and

(G) A statement by the owner or operator of the affected existing, new, or reconstructed source as to
whether the source has complied with the relevant standard or other requirements.

. (i) The notification must be sent before the close of business on the 60th day followmg the completion of the

relevant compliance demonstration activity specified in the rélevant standard (unless a different reporting
period is specified in the standard, in which case the letter must be sent before the close of business on the
day the report of the relevant testing or monitoring resuits is required to be delivered or postmarked). For
example, the notification shall be sent before close of business on the 60th (or other required) day following



completion of the initial performance test and again before the close of business on the 60th (or other
required) day following the completion of any subsequent required performance test. If no performance test
is required but opacity or visible emission observations are required to demonstrate compliance with an
opacity or visible emission standard under this part, the notification of compliance status shall be sent before
close of business on the 30th day following the completion of opacity or visible emission observations.
Notifications may be combined as long as the due date requirement for each notification is met.

(3) After a title V permit has been issued to the owner or operator of an affected source, the owner or
operator of such source shall comply with all requirements for compliance status reports contained in the
source's title V permit, including reports required under this part. After a title V permit has been issued to the
owner or operator of an affected source, and each time a notification of compliance status is required under
this part, the owner ar operator of such source shall submit the notification of compliance status to the
appropriate permitting authority following completion of the relevant compliance demonstration activity
specified in the relevant standard.

(4) [Reserved]

(5) If an owner or operator of an affected source submits estimates or preliminary information in the
application for approval of construction or reconstruction required in §63.5(d) in place of the actual
emissions data or control efficiencies required in paragraphs (d)(1)(ii)(H) and (d)(2) of §63.5, the owner or
operator shall submit the actual emissions data and other correct information as soon as available but no
later than with the initial notification of compliance status required in this section.

(6) Advice on a notification of compliance status may be obtained from the Administrator.

(i) Adjustment to time periods or postmark deadlines for submittal and review of required communications.
(1)(i) Until an adjustment of a time period or postmark deadline has been approved by the Administrator
under paragraphs (i)(2) and (i)(3) of this section, the owner or operator of an affected source remains strictly
subject to the requirements of this part.

(ii) An owner or operator shall request the adjustment provided for in paragraphs (i)(2) and (i)(3) of this
section each time he or she wishes to change an applicable time period or postmark deadline specified in
this part.

(2) Notwithstanding time periods or postmark deadlines specified in this part for the submittal of information
to the Administrator by an owner or operator, or the review of such information by the Administrator, such
time periods or deadlines may be changed by mutual agreement between the owner or operator and the
Administrator. An owner or operator who wishes to request a change in a time period or postmark deadline
for a particular requirement shall request the adjustment in writing as soon as practicable before the subject
activity is required to take place. The owner or operator shall include in the request whatever information he
or she considers useful to convince the Administrator that an adjustment is warranted.

(3) i, in the Administrator's judgment, an owner or operator's request for an adjustment to a particular time
period or postmark deadline is warranted, the Administrator will approve the adjustment. The Administrator
will notify the owner or operator in writing of approval or disapproval of the request for an adjustment within
15 calendar days of receiving sufficient information to evaluate the request.

(4) If the Administrator is unable to meet a specified deadline, he or she will notify the owner or operator of
any significant delay and inform the owner or operator of the amended schedule.

(i) Change in information already provided. Any change in the information already provided under this
section shall be provided to the Administrator in writing within 15 calendar days after the change.

[69 FR 12430, Mar. 16, 1994, as amended at 64 FR 7468, Feb. 12, 1999; 67 FR 16604, Apr. 5, 2002; 68 FR
32601, May 30, 2003]

§ 63.10 Recordkeeping and reporting requirements.



(a) Applicability and general information. (1) The applicability of this section is set out in §63.1(a)(4).

(2) For affected sources that have been granted an extension of compliance under subpart D of this part, the
requirements of this section do not apply to those sources while they are operating under such compliance
extensions. :

(3) If-any State requires a report that contains all the information required in a report listed in this section, an
owner or operator may send the Administrator a copy of the report sent to the State to satisfy the
requirements of this section for that report.

(4)(i) Before a State has been delegated the authority to implement and enforce recordkeeping and reporting

" requirements established under this part, the owner or operator of an affected source in such State subject

to such requirements shall submit reports to the appropriate Regionaf Office of the EPA (to the attention of
the Director of the Division indicated in the list of the EPA Regional Offices in §63.13).

(i) After a State has been delegated the authority to implement and enforce recordkeeping and reporting
requirements established under this part, the owner or operator of an affected source in such State subject
to such requirements shall submit reports ta the delegated State authority (which may be the same as the
permitting authority). In addition, if the delegated (permitting) authority is the State, the owner or operator
shall send a copy of each report submitted to the State to the appropriate Regional Office of the EPA, as
specified in paragraph (a)(4)(i) of this section. The Regional Office may waive this requirement for any
reports at its discretion. ’

(5) If an owner or operator of an affected source in a State with delegated authority is required to submit
periodic reports under this part to the State, and if the State has an established fimeline for the submission
of periodic reports that is consistent with the reporting frequency(ies) specified for such source under this
part, the owner or operator may change the dates by which periodic reports under this part shall be
submitted (without changing the frequency of reporting) to be consistent with the State's schedule by mutual
agreement between the owner or operator and the State. For each relevant standard established pursuant
to section 112 of the Act, the allowance in the previous sentence applies in each State beginning 1 year
after the affected source's compliance date for that standard. Procedures governing the implementation of
this provision are specified in §63.9().

(6) If an owner or operator supervises one or more stationary sources affected by more than one standard
established pursuant to section 112 of the Act, he/she may arrange by mutual agreement between the
owner or operator and the Administrator (or the State permitting authority) a common scheduie on which
periodic reports required for each source shall be submitted throughout the year. The allowance in the
previous sentence applies in each State beginning 1 year after the latest compliance date for any relevant
standard established pursuant to section 112 of the Act for any such affected source(s). Procedures
governing the implementation of this provision are specified in §63.9(i).

(7) If an owner or operator supervises one or more stationary sources affected by standards established
pursuant to section 112 of the Act (as amended November 15, 1990) and standards set under part 60, part
61, or both such parts of this chapter, he/she may arrange by mutual agreement between the owner or
operator and the Administrator (or the State permitting authority) a common schedule on which periodic
reports required by each relevant (i.e., applicable) standard shall be submitted throughout the year. The
allowance in the previous sentence applies in each State beginning 1 year after the stationary source is
required to be in compliance with the relevant section 112 standard, or 1 year after the stationary source is
required to be in compliance with the applicable part 60 or part 61 standard, whichever is latest. Procedures
governing the implementation of this provision are specified in §63.9(i).

(b) General recordkeeping requirements. (1) The owner or operator of an affected source subject to the
provisions of this part shall maintain files of all information (including all reports and notifications) required by
this part recorded in a form suitable and readily available for expeditious inspection and review. The files

shall be retained for at least § years following the date of each occurrence, measurement, maintenance,
corrective action, report, or.record. At a minimum, the most recent 2 years of data shall be retained on site.
The remaining 3 years of data may be retained off site. Such files may be maintained on microfim, ona
computer, on computer floppy disks, on magnetic tape disks, or on microfiche.




(2) The owner or operator of an affected source subject to the provisions of this part shall maintain relevant
records for such source of—

(i) The occurrence and duration of each startup or shutdown when the startup or shutdown causes the
source to exceed any applicabie emission limitation in the relevant emission standards;

(ii) The occurrence and duration of each malfunction of operation ( i.e. , process equipment) or the required
air poliution control and monitoring equipment;

(iii) All required maintenance performed on the air poliution control and monitoring equipment;

(iv)(A) Actions taken during periods of startup or shutdown when the source exceeded applicable emission
limitations in a relevant standard and when the actions taken are different from the procedures specified in
the affected source's startup, shutdown, and malfunction plan (see §63.6(e)(3)); or

(B) Actions taken during periods of malfunction (including corrective actions to restore malfunctioning
process and air poliution control and monitoring equipment to its normal or usual manner of operation) when
the actions taken are different from the procedures specified in the affected source's startup, shutdown, and
malfunction plan (see §63.6(e)(3));

(v) Al information necessary, including actions taken, to demonstrate conformance with the affected
source's startup, shutdown, and malfunction plan (see §63.6(e)(3)) when ali actions taken during periods of
startup or shutdown (and the startup or shutdown causes the source to exceed any applicable emission
limitation in the relevant emission standards), and malfunction (including corrective actions to restore
malfunctioning process and air pollution control and monitoring equipment to its normal or usual manner of
operation) are consistent with the procedures specified in such plan. (The information needed to
demonstrate conformance with the startup, shutdown, and malfunction plan may be recorded using a
“checklist,” or some other effective form of recordkeeping, in order to minimize the recordkeeping burden for
conforming events);

(vi) Each period during which a CMS is malfunctioning or inoperative (including out-of-control periods);

(vii) All required measurements needed to demonstrate compliance with a relevant standard (including, but
not limited to, 15-minute averages of CMS data, raw performance testing measurements, and raw
performance evaluation measurements, that support data that the source is required to report);

(A) This paragraph applies to owners or operators required to install a continuous emissions monitoring
system (CEMS) where the CEMS installed is automated, and where the calculated data averages do not
exclude periods of CEMS breakdown or malfunction. An automated CEMS records and reduces the
.measured data to the form of the pollutant emission standard through the use of a computerized data
acquisition system. In lieu of maintaining a file of all CEMS subhourly measurements as required under
paragraph (b)(2)(vii) of this section, the owner or operator shall retain the most recent consecutive three
averaging periods of subhourly measurements and a file that contains a hard copy of the data acquisition
system algorithm used to reduce the measured data into the reportable form of the standard.

(B) This paragraph applies to owners or operators required to install a CEMS where the measured data is
manually reduced to obtain the reportable form of the standard, and where the calculated data averages do
not exclude periods of CEMS breakdown or malfunction. In lieu of maintaining a file of all CEMS subhourly
measurements as required under paragraph (b)(2)(vii) of this section, the owner or operator shall retain all
subhourly measurements for the most recent reporting period. The subhourly measurements shall be
retained for 120 days from the date of the most recent summary or excess emission report submitted to the
Administrator.

(C) The Administrator or delegated authority, upon notification to the source, may require the owner or
operator to maintain all measurements as required by paragraph (b)(2)(vii), if the administrator or the
delegated authority determines these records are required to more accurately assess the compliance status
-of the affected source.



(viii) All results of performance tests, CMS performance evaluations, and opacity and visible emission
observations;

(ix) All measurements as may be necessary to determine the conditions of performance tests and
performance evaluations;

(x) All CMS calibration checks;
(xi) All adjustments and maintenance performed on CMS;

(xiiy Any information demonstrating whether a source is meeting the requirements for a waiver of
recordkeeping or reporting requirements under this part, if the source has been granted a waiver under
paragraph (f) of this section;

(xiii) All emission levels relative to the criterion for obtaining permission to use an alternative to the relative
accuracy test, if the source has been granted such permission under §63.8(f)(6); and

~ (xiv) All documentation supporting initial notifications and notifications of compliance status under §63.9.

(3) Recordkeeping requirement for applicability determinations. |f an owner or operator determines that his
or her stationary source that emits (or has the potential to emit, without considering controls) one or more
hazardous air pollutants regulated by any standard established pursuant to section 112(d) or (f), and that
stationary source is in the source category regulated by the relevant standard, but that source is not subject
to the relevant standard (or other requirement established under this part) because of limitations on the
source's potential to emit or an exclusion, the owner or operator must keep a record of the applicability
determination on site at the source for a period of 5 years after the determination, or until the source
changes its operations to become an affected source, whichever comes first. The record of the applicability
determination must be signed by the person making the determination and include an analysis (or other
information) that demonstrates why the owner or operator believes the source is unaffected (e.g., because
the source is an area source). The analysis (or other information) must be sufficiently detailed to allow the
Administrator to make a finding about the source's applicability status with regard to the relevant standard or
other requirement. If relevant, the analysis must be performed in accordance with requirements established

- in relevant subparts of this part for this purpose for particular categories of stationary sources. If relevant, the
analysis should be performed in accordance with EPA guidance materials published to assist sources in
making applicability determinations under section 112, if any. The requirements to determine applicability of
a standard under §63.1(b)(3) and to record the results of that determination under paragraph (b)(3) of this
section shall not by themselves create an obligation for the owner or operator to obtain a title V permit.

(c) Additional recordkeeping requirements for sources with continuous monitoring systems. In addition to
complying with the requirements specified in paragraphs (b)(1) and (b)(2) of this section, the owner or
operator of an affected source required to install a CMS by a relevant standard shall maintain records for
such source of—

(1) All required CMS measurements (including monitoring data recorded during unavoidable CMS
breakdowns and out-of-control periods);

(2)-(4) [Reserved]

(5) The date and time identifying each period during which the CMS was inoperative except for zero (low-
level) and high-level checks;

(6) The date and time identifying each period during which the CMS was out of control, as defined in
§63.8(c)(7);

(7) The specific identification (i.e., the date and time of commencement and completion) of each period of
excess emissions and parameter monitoring exceedances, as defined in the relevant standard(s), that
occurs during startups, shutdowns, and malfunctions of the affected source;




(8) The specif_'lc identification (i.e., the date and time of commencement and completion) of each time period
. of excess emissions and parameter monitoring exceedances, as defined in the relevant standard(s), that
occurs during periods other than startups, shutdowns, and maifunctions of the affected source;

(9) [Reserved]

(10) The nature and cause of any malfunction (if known);

(11) The corrective action taken or preventive measures adopted,;

(12) The nature of the repairs or adjustments to the CMS that was inoperative or out of control;

(13) The total procéss operating time during the reporting 'period; and

(14) All procedures that are part of a quality control program developed and implemented for CMS under
§63.8(d).

(15) In order to satisfy the requirements of paragraphs (c)(10) through (c)(12) of this section and to avoid
duplicative recordkeeping efforts, the owner or operator may use the affected source's startup, shutdown,
and malfunction plan or records kept to satisfy the recordkeeping requirements of the startup, shutdown, and
malfunction plan specified in §63.6(e), provided that such plan and records adequately address the
requirements of paragraphs (c)(10) through (c)(12).

(d) General reporting requirements. (1) Notwithstanding the requirements in this paragraph or paragraph (€)
of this section, and except as provided in §63.16, the owner or operator of an affected source subject to
reporting requirements under this part shall submit reports to the Administrator in accordance with the
reporting requirements in the relevant standard(s).

(2) Reporting results of performance tests. Before a title V permit has been issued to the owner or operator
of an affected source, the owner or operator shall report the results of any performance test under §63.7 to
the Administrator. After a title V permit has been issued to the owner or operator of an affected source, the
owner or operator shall report the results of a required performance test to the appropriate permitting
authority. The owner or operator of an affected source shall report the results of the performance test to the
Administrator (or the State with an approved permit program) before the close of business on the 60th day
following the completion of the performance test, unless specified otherwise in a relevant standard or as
approved otherwise in writing by the Administrator. The results of the performance test shall be submitted as
part of the notification of compliance status required under §63.9(h).

(3) Reporting results of opacity or visible emission observations. The owner or operator of an affected
source required to conduct opacity or visible emission observations by a relevant standard shall report the
opacity or visible emission results (produced using Test Method 9 or Test Method 22, or an alternative to
these test methods) along with the results of the performance test required under §63.7. If no performance
test is required, or if visibility or other conditions prevent the opacity or visible emission observations from
being conducted concurrently with the performance test required under §63.7, the owner or operator shall
report the opacity or visible emission results before the close of business on the 30th day following the
completion of the opacity or visible emission observations.

(4) Progress reports. The owner or operator of an affected source who is required to submit progress reports
as a condition of receiving an extension of compliance under §63.6(i) shall submit such reports to the
Administrator (or the State with an approved permit program) by the dates specified in the written extension
of compliance.

(5)(i) Periodic startup, shutdown, and malfunction reports. If actions taken by an owner or operator during a
startup or shutdown (and the startup or shutdown causes the source to exceed any applicable emission
limitation in the relevant emission standards), or malfunction of an affected source (including actions taken
to correct a malfunction) are consistent with the procedures specified in the source's startup, shutdown, and
malfunction plan (see §63.6(e)(3)), the owner or operator shall state such information in a startup, shutdown,
and malfunction report. Actions taken to minimize emissions during such startups, shutdowns, and



malfunctions shall be summarized in the report and may be done in checklist form; if actions taken are the
same for each event, only one checklist is necessary. Such a report shall also include the number, duration,
and a brief description for each type of malfunction which occurred during the reporting period and which
caused or may have caused any applicable emission limitation to be exceeded. Reports shall only be
required if a startup or shutdown caused the source to exceed any applicable emission limitation in the
relevant emission standards, or if a malfunction occurred during the reporting period. The startup, shutdown,
and malfunction report shall consist of a letter, containing the name, title, and signature of the owner or
operator or other responsible official who is certifying its accuracy, that shall be submitted to the
Administrator semiannually (or on a more frequent basis if specified otherwise in a relevant standard or as
established otherwise by the permitting authority in the source's title V permit). The startup, shutdown, and
malfunction report shall be delivered or postmarked by the 30th day following the end of each calendar half
(or other calendar reporting period, as appropriate). If the owner or operator is required to submit excess
emissions and continuous monitoring system performance (or other periodic) reports under this part, the
startup, shutdown, and malfunction reports required under this paragraph may be submitted simultaneously
with the excess emissions and continuous monitoring system performance (or other) reports. If startup,
shutdown, and malfunction reports are submitted with excess emissions and continuous monitoring system
performance (or other periodic) reports, and the owner or operator receives approval to reduce the
frequency of reporting for the latter under paragraph (e) of this section, the frequency of reporting for the
startup, shutdown, and malfunction reports also may be reduced if the Administrator does not object to the
intended change. The procedures to implement the allowance in the preceding sentence shall be the same
as the procedures specified in paragraph (e)(3) of this section.

(i) Immediate startup, shutdown, and malfunction reports. Notwithstanding the allowance to reduce the
frequency of reporting for periodic startup, shutdown, and malfunction reports under paragraph (d)(5)(i) of
this section, any time an action taken by an owner or operator during a startup or shutdown that caused the
source to exceed any applicable emission fimitation in the relevant emission standards, or malfunction
(including actions taken to correct a malfunction) is not consistent with the procedures specified in the
affected source's startup, shutdown, and malfunction plan, the owner or operator shall report the actions
taken for that event within 2 working days after commencing actions inconsistent with the plan followed by a
letter within 7 working days after the end of the event. The immediate report required under this paragraph
(d)(5)(ii) shall consist of a telephone call (or facsimile (FAX) transmission) to the Administrator within 2
warking days after commencing actions inconsistent with the plan, and it shall be followed by a letter,
delivered or postmarked within 7 working days after the end of the event, that contains the name, title, and
signature of the owner or operator or other responsible official who is certifying its accuracy, expiaining the
circumstances of the event, the reasons for not following the startup, shutdown, and malfunction plan,
describing all excess emissions and/or parameter monitoring exceedances which are believed to have
occurred (or could have occurred in the case of malfunctions), and actions taken to minimize emissions in
conformance with §63.6(e)(1)(i). Notwithstanding the requirements of the previous sentence, after the
effective date of an approved permit program in the State in which an affected source is located, the owner
or operator may make alternative reporting arrangements, in advance, with the permitting authority in that
State. Procedures governing the arrangement of alternative reporting requirements under this paragraph
(d)(5)(ii) are specified in §63.9(i).

(e) Additional reporting requirements for sources with continuous monitoring systems —(1) General. When
more than one CEMS is used to measure the emissions from one affected source (e.g., multiple breechings
multiple outlets), the owner or operator shall report the results as required for each CEMS.

»

(2) Reporting results of continuous monitoring system performance evaluations. (i) The owner or operator of
an affected source required to install a CMS by a relevant standard shall furnish the Administrator a copy of
a written report of the results of the CMS performance evaluation, as required under §63.8(e),
simultaneously with the results of the performance test required under §63.7, unless otherwise specified in
the relevant standard.

(i) The owner or operator of an affected source using a COMS to determine opacity compliance during any
performance test required under §63.7 and described in §63.6(d)(6) shall furnish the Administrator two or,
upon request, three copies of a written report of the results of the COMS performance evaluation conducted
under §63.8(e). The copies shall be furnished at least 15 calendar days before the performance test
required under §63.7 is conducted.



(3) Excess emissions and continuous monitoring system performance report and summary report. (i) Excess

- - emissions and parameter monitoring exceedances are defined in relevant standards. The owner ar operator

of an affected source required to install a CMS by a relevant standard shall submit an excess emissions and
continuous monitoring system performance report and/or a summary report to the Administrator
semiannually, except when—

(A) More frequent reporting is specifically required by a relevant standard;

(B) The Administrator determines on a case-by-case basis that more frequent reporting is necessary to
accurately assess the compliance status of the source; or

(C) [Reserved]

(D) The affected source is complying with the Performance Track Provisions of §63.16, which allows less
frequent reporting.

(i) Request to reduce frequency of excess emissions and continuous monitoring System performance
reports. Notwithstanding the frequency of reporting requirements specified in paragraph (e)(3)(i) of this
section, an owner or operator who is required by a relevant standard to submit excess emissions and
continuous monitoring system performance (and summary) reports on a quarterly (or more frequent) basis
may reduce the frequency of reporting for that standard to semiannual if the following conditions are met:

(A) For 1 full year (e.g., 4 quarterly or 12 monthly reporting periods) the affected source's excess emissions
and continuous monitoring system performance reports continually demonstrate that the source is in
compliance with the relevant standard;

(B) The owner or operator continues to comply with all recordkeeping and monitoring requirements specified
in this subpart and the relevant standard; and

(C) The Administrator does not object to a reduced frequency of reporting for the affected source, as
provided in paragraph (e)(3)(iii) of this section.

(iif) The frequency of reporting of excess emissions and continuous monitoring system performance (and
summary) reports required to comply with a relevant standard may be reduced only after the owner or
operator notifies the Administrator in writing of his or her intention to make such a change and the
Administrator does not object to the intended change. in deciding whether to approve a reduced frequency
of reporting, the Administrator may review information concerning the source's entire previous performance
history during the 5-year recordkeeping period prior to the intended change, including performance test
results, monitoring data, and evaluations of an owner or operator's conformance with operation and
maintenance requirements. Such information may be used by the Administrator to make a judgment about
the source's potential for noncompliance in the future. If the Administrator disapproves the owneror
operator's request to reduce the frequency of reporting, the Administrator will notify the owner or operator in
writing within 45 days after receiving notice of the owner or operator's intention. The notification from the
Administrator to the owner or operator will specify the grounds on which the disapproval is based. In the
absence of a notice of disapproval within 45 days, approval is automatically granted.

(iv) As soon as CMS data indicate that the source is not in compliance with any emission limitation or
operating parameter specified in the relevant standard, the frequency of reporting shall revert to the
frequency specified in the relevant standard, and the owner or operator shall submit an excess emissions
and continuous monitoring system performance (and summary) report for the noncomplying emission points
at the next appropriate reporting period following the noncomplying event. After demonstrating ongoing
-compliance with the relevant standard for another full year, the owner or operator may again request
approval from the Administrator to reduce the frequency of reporting for that standard, as provided for in
paragraphs (e)(3)(ii) and (e)(3)(iii) of this section.

(v) Content and submittal dates for excess emissions and monitoring system performance reports. All
excess emissions and monitoring system performance reports and all summary reports, if required, shall be
delivered or postmarked by the 30th day following the end of each calendar half or quarter, as appropriate.



Written reports of excess emissions or exceedances of process or control system parameters shall include
all the information required in paragraphs (c)(5) through (c)(13) of this section, in §63.8(c)(7) and
§63.8(c)(8), and in the relevant standard, and they shall contain the name, title, and signature of the
responsible official who is certifying the accuracy of the report. When no excess emissions or exceedances
of a parameter have occurred, or a CMS has not been inoperative, out of control, repaired, or adjusted, such
information shall be stated in the report.

(vi) Summary report. As required under paragraphs (e)(3)(vii) and (e)(3)(viii) of this section, one summary
report shall be submitted for the hazardous air pollutants monitored at each affected source (unless the
relevant standard specifies that more than one summary report is required, e.g., one summary report for
each hazardous air pollutant monitored). The summary report shall be entitled “Summary Report—Gaseous
and Opacity Excess Emission and Continuous Monitoring System Performance” and shall contain the
following information:

(A) The company name and address of the affected source;

(B) An identification of each hazardous air pollutant monitored at the affected source;

(C) The peginning and ending dates of the reporting period;

(D) A brief description of the process units;

(E) The emission and operating parameter limitations specified in the relevant standard(s);
(F) The monitoring equipment manufacturer(s) and rﬁodel numbér(s);

(G) The date of the latest CMS certification or audit;

(H) The total operating time of the affected source during the reporting period;

() An emission data summary (or similar summary if the owner or operator monitors control system
parameters), including the total duration of excess emissions during the reporting period (recorded in
minutes for opacity and hours for gases), the total duration of excess emissions expressed as a percent of
the total source operating time during that reporting period, and a breakdown of the totaf duration of excess
emissions during the reporting period into those that are due to startup/shutdown, control equipment
problems, process problems, other known causes, and other unknown causes;

(J) A CMS performance summary (or similar summary if the owner or operator monitors control system
parameters), inciuding the total CMS downtime during the reporting period (recorded in minutes for opacity
and hours for gases), the total duration of CMS downtime expressed as a percent of the total source
operating time during that reporting period, and a breakdown of the total CMS downtime during the reporting
period into periods that are due to monitoring equipment malfunctions, nonmonitoring equipment
malfunctions, quality assurance/quality control calibrations, other known causes, and other unknown causes;

(K) A description of any changes in CMS, processes, or controls since the last reporting period;
(L) The name, title, and signature of the responsible official who is certifying the accuracy of the report; and
(M) The date of the report.

(vii) If the total duration of excess emissions or process or control system parameter exceedances for the
reporting period is less than 1 percent of the total operating time for the reporting period, and CMS downtime
for the reporting period is less than 5 percent of the total operating time for the reporting period, only the
summary report shall be submitted, and the full excess emissions and continuous monitoring system
performance report need not be submitted unless required by the Administrator.




(viii) If the total duration of excess emissions or process or control system parameter exceedances for the
reporting period is 1 percent or greater of the total operating time for the reporting period, or the total CMS
downtime for the reporting period is 5 percent or greater of the total operating time for the reporting period,

both the summary report and the excess emissions and continuous monltormg system performance report
shall be submitted.

(4) Reporting continuous opacity monitoring system data produced during a performance test. The owner or
operator of an affected source required to use a COMS shall record the monitoring data produced during a
performance test required under §63.7 and shall furnish the Administrator a written report of the monitoring
resuits. The report of COMS data shall be submitted simultaneously with the report of the performance test
results required in paragraph (d)(2) of this section.

{f) Waiver of recordkeeping or reporting requirements. (1) Until a waiver of a recordkeeping or reporting
requirement has been granted by the Administrator under this paragraph, the owner or operator of an
affected source remains subject to the requirements of this section.

(2) Recordkeeping or reporting requirements may be waived upon written application to the Administrator if,
in the Administrator's judgment, the affected source is achieving the relevant standard(s), or the source is
operating under an extension of compliance, or the owner or operator has requested an extension of
compliance and the Administrator is still considering that request.

(3) If an application for a waiver of recordkeeping or reporting is made, the application shall accompany the
request for an extension of compliance under §63.6(i), any required compliance progress report or
compliance status report required under this part (such as under §63.6(i) and §63.9(h)) or in the source’s
title V permit, or an excess emissions and continuous monitoring system performance report required under
paragraph (e) of this section, whichever is applicable. The application shall include whatever information the
owner or operator considers useful to convince the Administrator that a waiver of recordkeeping or reporting
is warranted.

(4) The Administrator will approve or deny a request for a waiver of recordkeeping or reporting requirements
under this paragraph when he/she—

(i) Approves or denies an extension of compliance; or

(i) Makes a determination of compliance following the submission of a required compliance status report or
excess emissions and continuous monitoring systems performance report; or

(ili) Makes a determination of suitable progress towards compliance following the submission of a
compliance progress report, whichever is applicable.

(5) A waiver of any recordkeeping or reporting requirement granted under this paragraph may be
conditioned on other recordkeeping or reporting requirements deemed necessary by the Administrator.

(6) Approval of any waiver granted under this section shall not abrogate the Administrator's authority under
the Act or in any way prohibit the Administrator from tater canceling the waiver. The cancellation will be
made only after notice is given to the owner or operator of the affected source.

[59 FR 12430, Mar. 16, 1994, as amended at 64 FR 7468, Feb. 12, 1999; 67 FR 16604, Apr. 5, 2002; 68 FR
32601, May 30, 2003; 69 FR 21752, Apr. 22, 2004; 71 FR 20455, Apr. 20, 2006]

§ 63.11 Control device requirements.
(a) Applicability. The applicability of this section is set out in §63.1(a)(4).

(b) Flares. (1) Owners or operators using flares to comply with the provisions of this part shall monitor these
control devices to assure that they are operated and maintained in conformance with their designs.



Applicable subparts will provide provisions stating how owners or operators using flares shall monitor these
control devices.

(2) Flares shall be steam-assisted, air-assisted, or non-assisted.
(3) Flares shall be operated at all times when emissions may be vented to them.

(4) Flares shall be designed for and operated with no visible emissions, except for periods not to exceed a
total of 5 minutes during any 2 consecutive hours. Test Method 22 in appendix A of part 60 of this chapter
shall be used to determine the compliance of flares with the visible emission provisions of this part. The
observation period is 2 hours and shall be used according to Method 22.

(5) Flares shall be operated with a flame present at all times. The presence of a flare pilot flame shall be
monitored using a thermocouple or any other equivalent device to detect the presence of a flame.

- (6) An owner/operator has the chaice of adhering to the heat content specifications in paragraph (b)(6)(ii) of

this section, and the maximum tip velocity specifications in paragraph (b)(7) or (b)(8) of this section, or
adhering to the requirements in paragraph (b){(6)(i) of this section.

(i)(A) Flares shall be used that have a diameter of 3 inches or greater, are nonassisted, have a hydrogen
content of 8.0 percent (by volume) or greater, and are designed for and operated with an exit velocity less
than 37.2 m/sec (122 ft/sec) and less than the velocity Vmax, as determined by the following equation:

Vimac=(Xnz=K1)* K

Where:

Vmax=Maximum permitted velocity, m/sec.
K;=Constant, 6.0 volume-percent hydrogen.
Ko=Constant, 3.9(m/sec)/volume-percent hydrogen.

Xuz=The volume-percent of hydrogen, on a wet basis, as calculated by using the American
Society for Testing and Materials (ASTM) Method D1946-77. (Incorporated by reference as
specified in §63.14).

(B) The actual exit velocity of a flare shall be determined by the method specified in paragraph BY@)() of
this section.

(if) Flares shall be used only with the net heating vaiue of the gas being combusted at 11.2 MJ/scm (300
Btu/scf) or greater if the flare is steam-assisted or air-assisted; or with the net heating value of the gas being
combusted at 7.45 M/scm (200 Btu/scf) or greater if the flares is non-assisted. The net heating value of the
gas being combusted in a flare shall be calculated using the following equation:

=KD CH,
iml
Where:

Hr=Net heating value of the sample, MJ/scm; where the net enthalpy pef mole of offgas is based
on combustion at 25 °C and 760 mm Hg, but the standard temperature for determining the
volume corresponding to one mole is 20 °C. -



K=Constant=
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where the standard temperature for (g-mole/scm) is 20 °C.

C=Concentration of sample component i in ppmv on a wet basis, as measured for organics by
Test Method 18 and measured for hydrogen and carbon monoxide by American Society for
Testing and Materials (ASTM) D1946-77 or 90 (Reapproved 1994) (incorporated by reference as
specified in §63.14).

Hi=Net heat of combustion of sample component i, kcal/g-mole at 25 °C and 760 mm Hg. The
heats of combustion may be determined using ASTM D2382~76 or 88 or D4809-95 (incorporated
by reference as specified in §63.14) if published values are not available or cannot be calculated.

n=Number of sample components.

(7)(i) Steam-assisted and nonassisted flares shall be designed for and operated with an exit velacity less
than 18.3 m/sec (60 ft/sec), except as provided in paragraphs (b)(7)(ii) and (b)(7)(iii) of this section. The
actual exit velocity of a flare shall be determined by dividing by the volumetric flow rate of gas being
combusted (in units of emission standard temperature and pressure), as determined by Test Method 2, 2A,
2C, or 2D in appendix A to 40 CFR part 60 of this chapter, as appropriate, by the unobstructed (free) cross-
sectional area of the flare tip.

(i) Steam-assisted and nonassisted flares designed for and operated with an exit velocity, as determined by
the method specified in paragraph (b)(7)(i) of this section, equal to or greater than 18.3 m/sec (60 ft/sec) but
less than 122 m/sec (400 ft/sec), are allowed if the net heating value of the gas being combusted is greater
than 37.3 MJ/scm (1,000 Btu/scf).

(i) Steam-assisted and nonassisted flares designed for and operated with an exit velocity, as determined by
the method specified in paragraph (b)(7)(i) of this section, less than the velocity Vimax, as determined by the
method specified in this paragraph, but less than 122 m/sec (400 ft/sec) are allowed. The maximum
permitted velocity, Vmax, for flares complying with this paragraph shall be determined by the following
equation:

Log10(Vmax)=(H7+28.8)/31.7

Where:

Vmax=Maximum permitted velocity, m/sec.

28.8=Constant.

31.7=Constant.

V Hr=The net heating vaiué as determined in paragraph (b)(6) of this section.

(8) Air-assisted flares shall be designed and operated with an exit velocity less than the velocity Vimax. The
maximum permitted velocity, Vmax, for air-assisted flares shall be determined by the following equation:

Vma=8.71 + 0.708(H+)



Where:

Vmax=Maximum permitted velocity, m/sec.

8.71=Constant.

0.708=Constant.

H=The net heating value as determined in paragraph (b)(6)(ii) of this section.

[59 FR 12430, Mar. 16, 1994, as amended at 63 FR 24444, May 4, 1998; 65 FR 62215, Oct. 17, 2000; 67
FR 16605, Apr. 5, 2002]

§ 63.12 State authority and delegations.

(a) The provisions of this part shall not be construed in any manner to preclude any State or political
subdivision thereof from—

(1) Adopting and enforcing any standard, limitation, prohibition, or other regulation applicable to an affected
source subject to the requirements of this part, provided that such standard, limitation, prohibition, or
regulation is not less stringent than any requirement applicable to such source established under this part;

(2) Requiring the owner or operator of an affected source to obtain permits, licenses, or approvals prior to
initiating construction, reconstruction, modification, or operation of such source; or

(3) Requiring emission reductions in excess of those specified in subpart D of this part as a condition for
granting the extension of compliance authorized by section 112(i)(5) of the Act.

(b)(1) Section 112(l) of the Act directs the Administrator to delegate to each State, when appropriate, the
authority to implement and enforce standards and other requirements pursuant to section 112 for stationary
sources located in that State. Because of the unique nature of radioactive material, delegation of authority to
implement and enforce standards that control radionuclides may require separate approval.

(2) Subpart E of this part establishes procedures consistent with section 112(l) for the approval of State rules
or programs to implement and enforce applicable Federal rules promulgated under the authority of section
112. Subpart E also establishes procedures for the review and withdrawal of section 112 implementation
and enforcement authorities granted through a section 112(l) approval.

(c) All information required to be submitted to the EPA under this part also shall be submitted to the
appropriate State agency of any State to which authority has been delegated under section 112(l) of the Act,
provided that each specific delegation may exempt sources from a certain Federal or State reporting
requirement. The Administrator may permit all or some of the information to be submitted to the appropriate
State agency only, instead of to the EPA and the State agency.

| § 63.13 Addresses of State air pollution control agencies and EPA Regional Offices.

(a) All requests, reports, applications, submittals, and other communications to the Administrator pursuant to
this part shall be submitted to the appropriate Regional Office of the U.S. Environmental Protection Agency
indicated in the following list of EPA Regional Offices.

EPA Region | (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont),
Director, Air, Pesticides and Toxics Division, J.F.K. Federal Building, Boston, MA 02203-2211.

EPA Region Il (New Jersey, New York, Puerto Rico, Virgin Islands), Director, Air and Waste
Management Division, 26 Federal Plaza, New York, NY 10278.



EPA Region lll (Delaware, District of Columbia, Maryland, Pennsyivania, Virginia, West Virginia),
Director, Air Protection Division, 1650 Arch Street, Philadelphia, PA 19103.

EPA Region IV (Alabama, Florida, G’eorgia, Kentucky, Mississippi, North Carolina, South
Carolina, Tennessee). Director, Air, Pesticides and Toxics Management Division, Atlanta Federal
Center, 61 Forsyth Street, Atlanta, GA 30303-3104.

EPA Region V (lllinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin), Director, Air and
Radiation Division, 77 West Jackson Blivd., Chicago, IL 60604-3507.

EPA Region VI (Arkansas, Louisiana, New Mexico, Oklahoma, Texas), Director, Air, Pesticides
and Toxics, 1445 Ross Avenue, Dallas, TX 75202-2733.

EPA Region VIl (lowa, Kansas, Missouri, Nebraska), Director, Air, RCRA, and Toxics Division,
U.S. Environmental Protection Agency, 901 N. 5th Street, Kansas City, KS 66101.

EPA Region Vil (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming) Director, Air
and Toxics Technical Enforcement Program, Office of Enforcement, Compliance and
Environmental Justice, Mail Code 8ENF-AT, 1595 Wynkoop Street, Denver, CO 80202—1129.

EPA Region IX (Arizona, California, Hawaii, Nevada, American Samoa, Guam), Director, Air and
Toxics Division, 75 Hawthorne Street, San Francisco, CA 94105,

EPA Region X (Alaska, idaho, Oregon, Washington), Director, Office of Air Quality, 1200 Sixth
Avenue (OAQ-107), Seatile, WA 98101.

(b) All information required to be submitted to the Administrator under this part also shall be submitted to the
appropriate State agency of any State to which authority has been delegated under section 112(l) of the Act.
The owner or operator of an affected source may contact the appropriate EPA Regional Office for the
mailing addresses for those States whose delegation requests have been approved.

(c) If any State requires a submittal that contains all the information required in an application, notification,
request, report, statement, or other communication required in this part, an owner or operator may send the

appropriate Regional Office of the EPA a copy of that submittal to satisfy the requirements of this part for
- that communication.

[59 FR 12430, Mar. 16, 1994, as amended at 63 FR 66061, Dec. 1, 1998; 67 FR 4184, Jan. 29, 2002; 68 FR
32601, May 30, 2003; 68 FR 35792, June 17, 2003; 73 FR 24871, May 6, 2008}

§ 63.14 Incorporations by reference.

(a) The materials listed in this section are incorporated by reference in the corresponding sections noted.
These incorporations by reference were approved by the Director of the Federal Register in accordance with
5 U.S.C. 552(a) and 1 CFR part 51. These materials are incorporated as they exist on the date of the
approval, and notice of any change in these materials will be published in theFederal Register.The materials
are available for purchase at the corresponding addresses noted below, and all are available for inspection
at the National Archives and Records Administration (NARA), at the Air and Radiation Docket and
information Center, U.S. EPA, 401 M St., SW., Washington, DC, and at the EPA Library (MD-35), U.S.
EPA, Research Triangle Park, North Carolina. For information on the availability of this material at NARA,
call 202-741-6030, or go to:
http:/Avww.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.htm.

(b) The following materials are available for purchase from at least one of the following addresses: American
Society for Testing and Materials (ASTM), 100 Barr Harbor Drive, Post Office Box C700, West
Conshohocken, PA 19428--2959; or ProQuest, 300 North Zeeb Road, Ann Arbor, Ml 48106.



(1) ASTM D523-89, Standard Test Methad for Specular Gloss, IBR approved for §63.782.

(2) ASTM D1193-77, 91, Standard Specification for Reagent Water, IBR approved for Appendix A: Method
306, Sections 7.1.1 and 7.4.2. ’

(3) ASTM D1331-89, Standard Test Methods for Surface and Interfacial Tension of Solutions of Surface
Active Agents, IBR approved for Appendix A: Method 306B, Sections 6.2, 11.1, and 12.2.2.

(4) ASTM D1475-90, Standard Test Method for Density of Paint, Varnish Lacquer, and Related Products,
IBR approved for §63.788, Appendix A.

(5) ASTM D1946~77, 90, 94, Standard Method for Analysis of Reformed Gas by Gas Chromatography, IBR
approved for §63.11(b)(6).

(6) ASTM D2369~93, 95, Standard Test Method for Volatile Content of Coatings, IBR approved for §63.788,
Appendix A.

(7) ASTM D2382-76, 88, Heat of Combustion of Hydrocarbon Fuels by Bomb Calorimeter (High-Precision
Method), IBR approved for §63.11(b)(6).

(8) ASTM D2879-83, 96, Test Method for Vapor Pressure-Temperature Relati'onship and Initial
Decomposition Temperature of Liquids by Isoteniscope, IBR approved for §63.111 and §63.2406.

(9) ASTM D3257-93, Standard Test Methods for Aromatics in Mineral Spirits by Gas Chromatography, IBR
approved for §63.786(b).

(10) ASTM 3695-88, Standard Test Method for Volatile Alcohols in Water by Direct Aqueous-Injection Gas
Chromatography, |IBR approved for §63.365(e)(1) of Subpart O.

(11) ASTM D3792-91, Standard Method for Water Content of Water-Reducible Paints by Direct injection
into a Gas Chromatograph, IBR approved for §63.788, Appendix A.

(12) ASTM D3912-80, Standard Test Methad for Chemical Resistance of Coatings Used in Light-Water
Nuclear Power Plants, IBR approved for §63.782.

(13) ASTM D4017-90, 962, Standard Test Method for Water in Paints and Paint Materials by the Kar!
Fischer Titration Method, IBR approved for §63.788, Appendix A.

(14) ASTM D4082—-89, Standard Test Method for Effects of Gamma Radiation on Coatings for Use in Light-
Water Nuclear Power Plants, IBR approved for §63.782. '

(15) ASTM D4256-89, 94, Standard Test Method for Determination of the Decontaminability of Coatings
Used in Light-Water Nuclear Power Plants, IBR approved for §63.782.

(16) ASTM D4809-95, Standard Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb
Calorimeter (Precision Method), IBR approved for §63.11(b)(6).

(17) ASTM E180~93, Standard Practice for Determining the Precision of ASTM Methods for Analysis and
Testing of Industrial Chemicals, IBR approved for §63.786(b).

(18) ASTM E260-91, 96, General Practice for Packed Column Gas Chromatography, IBR approved for
§§63.750(b)(2) and 63.786(b)(5).

(19)—~(20) [Reserved]



(21) ASTM D2099-00, Standard Test Method for Dynamic Water Resistance of Shoe Upper Leather by the
Maeser Water Penetration Tester, IBR approved for §63.5350.

(22)-(23) [Reserved]

(24) ASTM D2697~-86 (Reapproved 1998), “Standard Test Method for Volume Nonvolatile Matter in Clear or
Pigmented Coatings,” IBR approved for §§63.3161(f)(1), 63.3521(b)(1), 63.3941(b)(1), 63.4141(b)(1),
63.4741(b)(1), 63.4941(b)(1), and 63.5160(c).

(25) ASTM D6093~97 (Reapproved 2003), “Standard Test Method for Percent Volume Nonvolatile Matter in
Clear or Pigmented Coatings Using a Helium Gas Pycnometer,” IBR approved for §§63.3161(f)(1),
63.3521(b)(1), 63.3941(b)(1), 63.4141(b)(1), 63.4741(b)(1), 63.4941(b)(1), and 63.5160(c).

(26) ASTM D1475-98 (Reapproved 2003), “Standard Test Method for Density of Liquid Coatings, Inks, and
Related Products,” IBR approved for §§63.3151(b), 63.3941(b)(4), 63.3941(c), 63.3951(c), 63.4141(b)(3),
63.4141(c), and 63.4551(c).

(27) ASTM D6522-00, Standard Test Method for Determination of Nitrogen Oxides, Carbon Monoxide, and
Oxygen Concentrations in Emissions from Natural Gas Flred Reciprocating Engines, Combustion Turbines,
Boilers, and Process Heaters Using Portable Analyzers,' IBR approved for §63.9307(c)(2) and Table 5 to
Subpart DDDDD of this part.

(28) ASTM D6420-99 (Reapproved 2004), Standards Test Method for Determination of Gaseous Organic
Compounds by Direct interface Gas Chromatography-Mass Spectometry, IBR approved for §§60.485(g)(5),
60.485a(g)(5), 63.772(a)(1)(ii), 63.2354(b)(3)(}). 63 2354(b)(3)(ii), 63.2354(b)(3)(ii)(A), and
63.2351(b)(3)(ii)(B).

(29) ASTM D6420-99, Standard Test Method for Determination of Gaseous Organic Compounds by Direct
Interface Gas Chromatography-Mass Spectrometry, IBR approved for §§63.5799 and 63.5850.

(30) ASTM E 515-95 (Reapproved 2000), Standard Test Method for Leaks Using Bubble Emission
Techniques, IBR approved for §63.425(i)(2).

(31) ASTM D5291-02, Standard Test Methods for Instrumental Determination of Carbon, Hydrogen, and
Nitrogen in Petroleum Products and Lubricants, IBR approved for §63.3981, appendix A.

(32) ASTM D5965-02, “Standard Test Methods for Specific Gravity of Coating Powders,” IBR approved for
§§63.3151(b) and 63.3951(c).

(33) ASTM D6053-00, Standard Test Method for Determination of Volatile Organic Compound (VOC)
Content of Electrical Insulating Varnishes, IBR approved for §63.3981, appendix A.

- (34) E145-94 (Reapproved 2001), Standard Specification for Gravity-Convection and Forced-Ventilation
Ovens, IBR approved for §63.4581, Appendix A. :

(35) ASTM D6784-02, Standard Test Method for Elemental, Oxidized, Particle- Bound and Total Mercury in
Fiue Gas Generated from Coal-Fired Stationary Sources (Ontario Hydro Method)," IBR approved for Table 5
to Subpart DDDDD of this part.

(36) ASTM D5066-91 (Reapproved 2001), “Standard Test Method for Determination of the Transfer
Efficiency Under Production Conditions for Spray Application of Automotive Paints-Weight Basis,” IBR
approved for §63.3161(q).

(37) ASTM D5087-02, “Standard Test Method for Determining Amount of Volatile Organic Compound
(VOC) Released from Solventborne Automotive Coatings and Available for Removal in a VOC Control
Device (Abatement),” IBR approved for §§63.3165(e) and 63.3176, appendix A.



(38) ASTM D6266-00a, “Test Method for Determining the Amount of Volatile Organic Compound (VOC)
Released from Waterborne Automotive Coatings and Available for Removal in a VOC Control Device
(Abatement),” IBR approved for §63.3165(e).

(39) ASTM Method D388—99,.1 Standard Classification of Coals by Rank,' IBR approved for §63.7575.
(40) ASTM D396-02a, Standard Specification for Fuel Oils,’ IBR approved for §63.7575.

(41) ASTM D1835-03a, Standard Specification for Liquified Petroleum (LP) Gases,' IBR approved for
§63.7575. .

(42) ASTM D2013-01, Standard Practice for Preparing Coal Samples for Analysis.1 IBR approved for Table
6 to Subpart DDDDD of this part.

(43) ASTM D2234-00,." Standard Practice for Collection of a Gross Sample of Coal,' IBR approved for
Table 6 to Subpart DDDDD of this part.

(44) ASTM D3173-02, Standard Test Method for Moisture in the Analysis Sample of Coal and Coke,' IBR
approved for Table 6 to Subpart DDDDD of this part.

(45) ASTM D3683—94 (Reapproved 2000), Standard Test Method for Trace Elements in Coal and Coke Ash
Absorption,” IBR approved for Table 6 to Subpart DDDDD of this part.

- (46) ASTM D3684-01, Standard Test Method for Total Mercury in Coal by the Oxygen Bomb
Combustion/Atomic Absorption Method," IBR approved for Table 6 to Subpart DDDDD of this part.

(47) ASTM D5198-92 (Reapproved 2003), Standard Practice for Nitric Acid Digestion of Solid Waste,! IBR
approved for Table 6 to Subpart DDDDD of this part.

(48) ASTM D5865-03a, Standard Test Method for Gross Calorific Value of Coal and Coke," IBR approved
for Table 6 to Subpart DDDDD of this part.

(49) ASTM D6323-98 (Reapproved 2003), Standard Guide for Laboratory Subsampling of Media Related to
Waste Management Activities,’ IBR approved for Table 6 to Subpart DDDDD of this part.

(50) ASTM E711-87 (Reapproved 1996), Standard Test Method for Gross Calorific Value of Refuse-Derived
Fuel by the Bomb Calorimeter,” IBR approved for Table 6 to Subpart DDDDD of this part.

(51) ASTM E776-87 (Reapproved 1996), Standard Test Method for Forms of Chlorine in Refuse-Derived
Fuel,” IBR approved for Table 6 to Subpart DDDDD of this part.

(52) ASTM E871-82 (Reapproved 1898), Standard Method of Moisture Analysis of Particulate Wood Fuels,’
IBR approved for Table 6 to Subpart DDDDD of this part.

(53) ASTM E885—88 (Reapproved 1996), Standard Test Methods for Analyses of Metals in Refuse-Derived
Fuel by Atomic Absorption Spectroscopy, IBR approved for Tabie 6 to Subpart DDDDD of this part 63.

(54) ASTM D6348-03, Standard Test Method for Determination of Gaseous Compounds by Extractive
Direct Interface Fourier Transform Infrared (FTIR) Spectroscopy, incorporation by reference (IBR) approved
for Table 4 to Subpart DDDD of this part as specified in the subpart.

(55) ASTM D2013-04, Standard Practice for Preparing Coal Samples for Analysis, IBR approved for Table 6
to subpart DDDDD of this part.

(56) ASTM D2234-D2234M-03, Standard Practice for Coflection of a Gross Sample of Coal, IBR approved
for Table 6 to subpart DDDDD of this part.



(57) ASTM D6721-01, Standard Test Method for Determination of Chlorine in Coal by Oxidative Hydrolysis
Microcoulometry, IBR approved for Table 6 to subpart DDDDD of this part.

(58) ASTM D3173-03, Standard Test Method for Moisture in the Analysis Sample of Coal and Coke, IBR
approved for Table 6 to subpart DDDDD of this part.

(59) ASTM D4606~-03, Standard Test Method for Determination of Arsenic and Selenium in Coal by the
Hydride Generation/Atomic Absorption Method, IBR approved for Table 6 to subpart DDDDD of this part.

(60) ASTM D6357-04, Standard Test Methods for Determination of Trace Elements in Coal, Coke, and
Combustion Residues from Coal Utilization Processes by Inductively Coupled Plasma Atomic Emission
Spectrometry, Inductively Coupled Plasma Mass Spectrometry, and Graphite Furnace Atomic Absorption
Spectrometry, IBR approved for Table 6 to subpart DDDDD of this part.

(61) ASTM D6722-01, Standard Test Method for Total Mercury in Coal and Coal Combustion Residues by
the Direct Combustion Analysis, IBR approved for Table 6 to subpart DDDDD of this part.

{62) ASTM D5865-04, Standard Test Method for Gross Calorific Value of Coal and Coke, IBR approved for
Table 6 to subpart DDDDD of this part.

(63) ASTM D2216-05, “Standard Test Methods for Laboratdry Determination of Water (Moisture) Content of
Soil and Rock by Mass,” [BR approved for the definition of “Free organic liquids” in §63.10692.

(64) ASTM D6522-00 (Reapproved 2005), Standard Test Method for Determination of Nitrogen Oxides,
Carbon Monoxide, and Oxygen Concentrations in Emissions from Natural Gas Fired Reciprocating Engines,
Combustion Turbines, Boilers, and Process Heaters Using Portable Analyzers,’ IBR approved for Table 4 to
Subpart ZZZ7 of this part.

(65) ASTM D 5228-92—"Standard Test Method for Determination of Butane Working Capacity of Activated
Carbon,” reapproved 2005, IBR approved for §63.11092(b)(1)())(B)( 1 ){(ii).

(c) The materials listed below are available for purchase from the American Petroleum Institute (API), 1220
L Street, NW., Washington, DC 20005.

(1) API Publication 2517, Evaporative Loss from External Floating-Roof Tanks, Third Edition, February
1989, IBR approved for §63.111 and §63.2406.

(2) API Publication 2518, Evaporative Loss from Fixed-roof Tanks, Second Edition, October 1991, IBR
approved for §63.150(g)(3)(i}(C) of subpart G of this part.

(3) API Manual of Petroleum Measurement Specifications (MPMS) Chapter 19.2, Evaporative Loss From
Floating-Roof Tanks (formerly API Publications 2517 and 2519), First Edition, April 1997, IBR approved for
§63.1251 of subpart GGG of this part.

(d) State and Local Requirements. The materials listed below are available at the Air and Radiation-Docket
and Information Center, U.S. EPA, 401 M St., SW_, Washington, DC. Additionally, the California South
Coast Air Quality Management District materials are available at
http:/fwww.agmd.gov/pemit/spraytransferefficiency.html.

(1) Califomia Regulatory Requirements Applicable to the Air Toxics Program, January 5, 1999, IBR
approved for §63.99(a)(5)(ii) of subpart E of this part.

(2) New Jersey's Toxic Catastrophe Prevention Act Program, (July 20, 1998), Incorporation By Reference
approved for §63.99 (a)(30)(i) of subpart E of this part.



(3)(i) Letter of June 7, 1999 to the U.S. Environmental Protection Agency Region 3 from the Delaware
Department of Natural Resources and Environmental Control requesting formal full delegation to take over
primary responsibility for implementation and enforcement of the Chemical Accident Prevention Program
under Section 112(r) of the Clean Air Act Amendments of 1990.

(ii) Delaware Department of Natural Resources and Environmental Control, Division of Air and Waste
Management, Accidental Release Prevention Regulation, sections 1 through 5 and sections 7 through 14,
effective January 11, 1999, IBR approved for §63.99(a)(8)(i) of subpart E of this part.

(iii) State of Delaware Regulations Governing the Contro! of Air Pollution (October 2000), IBR approved for
* §63.99(a)(8)(ii)~(v) of subpart E of this part.

(4) Massachusetts Regulations Applicable to Hazardous Air Pollutants (July 2002). Incorporation By
Reference approved for §63.99(a)(21)(ii) of subpart E of this part.

(5)('1) New Hampshire Regulations Applicable to Hazardous Air Pollutants, March, 2003. Incorporation by
Reference approved for §63.99(a)(29)(iii) of subpart E of this part.

(i) New Hampshire Regulations Applicable to Hazardous Air Poliutants, September 2006. incorporation by
Reference approved for §63.99(a)(29)(iv) of subpart E of this part.

{6) Maine Regulations Applicable to Hazardous Air Pollutants (March 2006) Incorporation By Reference
approved for §63.99(a)(19)(iii) of subpart E of this part.

(7) California South Coast Air Quality Management District's “Spray Equipment Transfer Efficiency Test
Procedure for Equipment User, May 24, 1989", IBR approved for §63.11173(e)(3).

(8) California South Coast Air Quality Management District's “Guidelines for Demonstrating Equivalency with
District Approved Transfer Efficient Spray Guns, September 26, 2002", IBR approved for §63.11173(¢e)

(e) The materials listed below are available for purchase from the National Institute of Standards and
Technology, Springfield, VA 22161, (800) 553-6847.

(1) Handbook 44, Specificiations, Tolerances, and Other Technical Requirements for Weighing and
Measuring Devices 1998, IBR approved for §63.1303(e)(3).

(2) [Reserved)

(f) The following material is available from the National Council of the Paper Industry for Air and Stream
improvement, inc. (NCASI), P.O. Box 133318, Research Triangle Park, NC 27709-3318 or at
http://www.ncasi.org.

(1) NCASI Method DI/MEOH-94.02, Methanol in Process Liquids GC/FID (Gas Chromatography/Flame
lonization Detection), August 1998, Methods Manual, NCASI, Research Triangle Park, NC, IBR approved
for §63.457(c)(3)(ii) of subpart S of this part.

(2) NCASI Method CIAWP-98.01, Chilled Impinger Method For Use At Wood Products Mills to Measure
Formaldehyde, Methanol, and Phenol, 1998, Methods Manual, NCASI, Research Triangle Park, NC, IBR
approved for Table 4 to Subpart DDDD of this part.

(3) NCASI Method IM/CAN/WP-98.02, Impinger/Canister Source Sampling Method for Selected HAPs and
Other Compounds at Wood Products Facilities, January 2004, Methods Manual, NCASI, Research Triangle
Park, NC, IBR approved for Table 4 to Subpart DDDD of this part.



(4) NCASI Method ISS/FP A105.01, impinger Source Sampling Method for Selected Aldehydes, Ketones,
and Polar Compounds, December 2005, Methods Manual, NCASI, Research Triangle Park, NC, IBR
approved for table 4 to subpart DDDD of this part.

{(9) The materials listed below are available for purchase from AOAC International, Customer Services, Suite
400, 2200 Wilson Boulevard, Arlington, Virginia, 22201-3301, Telephone (703) 522-3032, Fax (703) 522—
5468.

(1) AOAC Official Method 978.01 Phosphorus (Total) in Fertilizers, Automated Method, Sixteenth edition,
1995, IBR approved for §63.626(d)(3)(vi).

(2) AOAC Official Method 969.02 Phosphorus (Total) in Fertilizers, Alkalimetric Quinolinium
Molybdophosphate Method, Sixteenth edition, 1995, IBR approved for §63.626(d)(3)(vi).

(3) AOAC Official Method 962.02 Phosphorus (Total) in Fertilizers, Gravimetric Quinolinium
Molybdophosphate Method, Sixteenth edition, 1985, IBR approved for §63.626(d)(3)(vi).

(4) AOAC Official Method 957.02 Phosphorus (Total) in Fertilizers, Preparation of Sample Solution,
Sixteenth edition, 1995, IBR approved for §63.626(d)(3)(vi).

(5) ADAC Official Method 929.01 Sampling of Solid Fertilizers, Sixteenth edition, 1995, IBR approved for
§63.626(d)(3)(vi). :

(6) AOAC Official Method 929.02 Preparation of Fertilizer Sample, Sixteenth edition, 1995, IBR approved for
§63.626(d)(3)(vi).

(7) AOAC Official Method 958.01 Phosphorus (Total) in Fertilizers, Spectrophotometric
Molybdovanadophosphate Method, Sixteenth edition, 1995, IBR approved for §63.626(d){3)(vi).

(h) The materials listed below are available for purchase from The Association of Florida Phosphate
Chemists, P.O. Box 1645, Bartow, Florida, 33830, Book of Methods Used and Adopted By The Association
of Florida Phosphate Chemists, Seventh Edition 1991, IBR.

(1) Section IX, Methods of Analysis for Phosphate Rock, No. 1 Preparation of Sample, IBR approved for
§63.606(c)(3)(ii) and §63.626(c)(3)(ii).

(2) Section IX, Methods of Analysis for Phosphate Rock, No. 3 Phosphorus—P,0sor Cas(PO4)2, Method A-
Volumetric Method, IBR approved for §63.606(c)(3)(ii) and §63.626(c)(3)(ii).

(3) Section IX, Methods of Analysis for Phosphate Rock, No. 3 Phosphorus-P,0sor Cas(POs),, Method B—
Gravimetric Quimociac Method, IBR approved for §63.606(c)(3)(ii) and §63.626(c)(3)(ii).

(4) Section IX, Methods of Analysis For Phosphate Rock, No. 3 Phosphorus-P,0sor Cas(PQ4)2, Method C—
Spectrophotometric Method, IBR approved for §63.606(c)(3)(ii) and §63.626(c)(3)(ii).

(5) Section XI, Methods of Analysis for Phosphoric Acid, Superphosphate, Triple Superphosphate, and
Ammonium Phosphates, No. 3 Total Phosphorus-P;0s, Method A—Volumetric Method, IBR approved for
§63.606(c)(3)(ii), §63.626(c)(3)(ii), and §63.626(d)(3)(v).

(6) Section XI, Methods of Analysis for Phosphoric Acid, Superphosphate, Triple Superphosphate, and
Ammonium Phosphates, No. 3 Total Phosphorus-P20s, Method B—Gravimetric Quimociac Method, IBR
approved for §63.606(c)(3)(ii), §63.626(c)(3)(ii), and §63.626(d)(3)(v).

(7) Section XI, Methods of Analysis for Phosphoric Acid, Superphosphate, Triple Superphosphate, and
Ammonium Phosphates, No. 3 Total Phosphorus-P,0s, Method C—Spectrophotometric Method, IBR
approved for §63.606(c)(3)(ii), §63.626(c)(3)(ii), and §63.626(d)(3}(v).



(i) The following materials are available' for purchase from at least one of the following addresses: ASME
International, Orders/inquiries, P.O. Box 2900, Fairfield, NJ 07007—-2800; or Global Engineering Documents,
Sales Department, 15 (nverness Way East, Englewood, CO 80112.

(1) ANSYASME PTC 19.10-1981, “Flue and Exhaust Gas Analyses [Part 10, Instruments and Apparatus],”
IBR approved for §§63.309(k)(1)(iii), 63.865(b), 63.3166(a)(3), 63.3360(e)(1)(iii), 63.3545(a)(3),
63.3555(a)(3), 63.4166(a)(3), 63.4362(a)(3), 63.4766(a)(3), 63.4965(a)(3), 63.5160(d)(1)(iii), 63.9307(c)(2),
63.9323(a)(3), 63.11148(e)(3)(iii), 63.11155(e)(3), 63.11162(f)(3)(iii) and (f)(4), 63.11163(g)(1)(iii) and (g)(2), -
63.11410()(1)(iii), Table 5 to subpart DDDDD of this part, and Table 1 to subpart ZZZZZ of this part.

(2) [Reserved]

(i) The following material is available for purchase from: British Standards Institute, 389 Chiswick High Road,
London W4 4AL, United Kingdom.

(1) BS EN 1593:1999, Non-destructive Testing: Leak Testing-—Bu'bble Emission Techniques, IBR approved

for §63.425()(2).

(2) [Reserved]

(k) The following materials are available for purchase from the National Technical Information Service
(NTIS), 5285 Port Royal Road, Springfield, VA 22161, (703) 605-6000 or (800) 553-6847; or for purchase
from the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402, (202)
512-1800:

(1) The foliowing methods as published in the test methods compendium known as “Test Methods for
Evaluating Solid Waste, Physical/Chemicai Methods,” EPA Publication SW-846, Third Edition. A suffix of
“A" in the method number indicates revision one (the method has been revised once). A suffix of “B" in the
method number indicates revision two (the method has been revised twice).

(i) Method 0023A, “Sampling Method for Polychlorinated Dibehzo-p-Dioxins and Polychlorinated
Dibenzofuran Emissions from Stationary Sources,” dated December 1996, IBR approved for §63.1208(b)(1)
of Subpart EEE of this part.

(iiy Method 9071B, “n-Hexane Extractable Material (HEM) for Sludge, Sediment, and Solid Samples,” dated
April 1998, IBR approved for §63.7824(e) of Subpart FFFFF of this part.

(i) Method 9095A, “Paint Filter Liquids Test,” dated December 1996, IBR approved for §§63.7700(b) and
63.7765 of Subpart EEEEE of this part.

(iv) Method 90958, “Paint Filter Liquids Test,” (revision 2), dated November 2004, IBR approved for the
definition of “Free organic liquids” in §63.10692, §63.10885(a)(1), and the definition of “Free liquids” in
§63.10906.

(2) [Reserved]

() The following materials are available for purchase from the American Society of Heating, Refrigerating,
and Air-Conditioning Engineers at 1791 Tullie Circle, NE., Atlanta, GA 30329 or by electronic mail at
orders@ashrae.org:

(1) American Society of Heating, Refrigerating, and Air-Conditioning Engineers Method 52.1, "Gravimetric
and Dust-Spot Procedures for Testing Air-Cleaning Devices Used in General Ventilation for Removing
Particulate Matter, June 4, 1992", IBR approved for §63.11173(e)(2)(i).

(m) The following materials are available from the California Air Resources Board, Engineering and
Certification Branch, 1001 | Street, P.O. Box 2815, Sacramento, CA 95812-2815, Telephone (916) 327—-
0900 and are also available at the following Web site: hitp.//ww.arb.ca.gov/vapor/vapor.htm.



(1) California Air Resources Board Vapor Recovery Test Procedure TP-201.1 .—“Volumetric Efficiency for
Phase | Vapor Recovery Systems,” adopted April 12, 1996, and amended February 1, 2001 and October 8,
2003, 1BR approved for §63.11120(b)(1).

(2) California Air Resources Board Vapor Recovery Test Procedure TP-201.1E—"Leak Rate and Cracking
Pressure of Pressure/Vacuum Vent Valves,” adopted October 8, 2003, IBR approved for §63.11120(a)(1)(i).

(3) California Air Resources Board Vapor Recovery Test Procedure TP-201.3—"Determination of 2-inch
WC Static Pressure Performance of Vapor Recovery Systems of Dispensing Facilities,” adopted April 12,
1996 aqd amended March 17, 1999, IBR approved for §63.11120(a)(2)(i).

[59 FR 12430, Mar. 16, 1994]

Editorial Note: ForFederal Registercitations affecting §63.14, see the List of CFR Sections Affected, which
appears in the Finding Aids section of the printed volume and on GPO Access.

§ 63.15 Availability of information and confidentiality.

(a) Availability of information. (1) With the exception of information protected through part 2 of this chapter,
all reports, records, and other information collected by the Administrator under this part are available to the
public. In addition, a copy of each permit application, compliance plan (including the schedule of
compliance), notification of compliance status, excess emissions and continuous monitoring systems
performance report, and title V permit is available to the public, consistent with protections recognized in
section 503(e) of the Act.

(2) The availability to the public of information provided to or otherwise obtained by the Administrator under
this part shall be governed by part 2 of this chapter.

(b) Confidentiality. (1) If an owner or operator is required to submit information entitled to profection from
disclosure under section 114(c) of the Act, the owner or operator may submit such information separately.
The requirements of section 114(c) shall apply to such information.

(2) The contents of a title V permit shall not be entitled to protection under section 114(c) of the Act;
however, information submitted as part of an application for a title V permit may be entitied to protection
from disclosure.

§ 63.16 Performance Track Provisions.

(a) Notwithstanding any other requirements in this part, an affected source at any major source or any area
source at a Performance Track member facility, which is subject to regular periodic reporting under any
subpart of this part, may submit such periodic reports at an interval that is twice the length of the regular
period specified in the applicable subparts; provided, that for sources subject to permits under 40 CFR part
70 or 71 no interval so calculated for any report of the results of any required monitoring may be less
frequent than once in every six months.

(b) Notwithstanding any other requirements in this part, the modifications of reporting requirements in
paragraph (c) of this section apply to any major source at a Performance Track member facility which is
subject to requirements under any of the subparts of this part and which has:

(1) Reduced its total HAP emissions to less than 25 tons per year,
(2) Reduced its emissions of each individual HAP to less than 10 tons per year; and

(3) Reduced emissions of all HAPs covered by each MACT standard to at ieast the level required for full .
compliance with the applicable emission standard.




(c) For affected sources at any area source at a Performance Track member facility and which meet the
requirements of paragraph (b)(3) of this section, or for affected sources at any major source that meet the
requirements of paragraph (b) of this section:

(1) If the emission standard to which the affected source is subject is based on add-on control technology,
and the affected source complies by using add-on control technology, then all required reporting elements in
the periodic report may be met through an annual certification that the affected source is meeting the
emission standard by continuing to use that control technology. The affected source must continue to meet
all relevant monitoring and recordkeeping requirements. The compliance certification must meet the
requirements delineated in Clean Air Act section 114(a)(3).

(2) If the emission standard to which the affected source is subject is based on add-on control technology,
and the affected source complies by using pollution prevention, then all required reporting elements in the
periodic report may be met through an annual certification that the affected source is continuing to use
pollution prevention to reduce HAP emissions to levels at or below those required by the applicable emission
standard. The affected source must maintain records of all calculations that demonstrate the level of HAP
emissions required by the emission standard as well as the level of HAP emissions achieved by the affected
source. The affected source must continue to meet alf relevant monitoring and recordkeeping requirements.
The compliance certification must meet the requirements delineated in Clean Air Act section 114(a)(3).

(3) If the emission standard to which the affected source is subject is based on pollution prevention, and the
affected source complies by using poliution prevention and reduces emissions by an additional 50 percent or
greater than required by the applicable emission standard, then all required reporting elements in the
periodic report may be met through an annual certification that the affected source is continuing to use
pollution prevention to reduce HAP emissions by an additional 50 percent or greater than required by the
applicable emission standard. The affected source must maintain records of all calculations that

demonstrate the level of HAP emissions required by the emission standard as well as the level of HAP
emissions achieved by the affected source. The affected source must continue to meet all relevant
monitoring and recordkeeping requirements. The compliance certification must meet the requirements
delineated in Clean Air Act section 114(a)(3).

(4) Notwithstanding the provisions of paragraphs (c)(1) through (3), of this section, for sources subject to
permits under 40 CFR part 70 or 71, the results of any required monitoring and recordkeeping must be
reported not less frequently than once in every six months. .

[69 FR 21753, Apr. 22, 2004]




Title 40: Protection of Environment
PART 63—NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS FOR SOURCE
CATEGORIES

Subpart B—Requirements for Control Technology Determinations for Major Sources in
Accordance With Clean Air Act Sections, Sections 112(g) and 112(j)

Source: 59 FR 26449, May 20, 1994, unless otherwise noted.
§ 63.40 Applicability of §§63.40 through 63.44.

(a) Applicability. The requiremeﬁts of §§63.40 through 63.44 of this subpart carry out section 112(g)(2)(B) of
the 1990 Amendments.

(b) Overall requirements. The requirements of §§63.40 through 63.44 of this subpart apply to any owner or
operator who constructs or reconstructs a major source of hazardous air pollutants after the effective date of
section 112(g)(2)(B) (as defined in §63.41) and the effective date of a title V permit program in the State or
local jurisdiction in which the major source is (or would be) located unless the major source in question has
been specifically regulated or exempted from regulation under a standard issued pursuant to section 112(d),
section 112(h), or section 112(j) and incorporated in another subpart of part 63, or the owner or operator of
such major source has received all necessary air quality permits for such construction or reconstruction
project before the effective date of section 112(g)(2)(B).

(c) Exclusion for electric utility steam generating units. The requirements of this subpart do not apply to
electric utility steam generating units unless and until such time as these units are added to the source
category list pursuant to section 112(c)(5) of the Act.

(d) Relationship to State and local requirements. Nothing in this subpart shall prevent a State or local
agency from imposing more stringent requirements than those contained in this subpart.

(e) Exclusion for stationary sources in deleted source categories. The requirements of this subpart do not
apply to stationary sources that are within a source category that has been deleted from the source category
list pursuant to section 112(c)(9) of the Act.

() Exclusion for research and development activities. The requirements of this subpart do not apply to
research and development activities, as defined in §63.41.

[61 FR 68399, Dec. 27, 1996]
§ 63.41 Definitions.

Terms used in this subpart that are not defined in this section have the meaning given to them in the Act and
in subpart A. '

Affected source means the stationary source or group of stationary sources which, when fabricated (on site),
erected, or installed meets the definition of “construct a major source” or the definition of “reconstruct a
major source” contained in this section.

Affected States are all States:

(1) Whose air quality may be affected and that are contiguous to the State in which a MACT determination is
made in accordance with this subpart; or

(2) Whose air quality may be affected and that are within 50 miles of the major source for which a MACT
determination is made in accordance with this subpart.



Available information means, for purposes of identifying control technology options for the affected source,

information contained in the following information sources as of the date of approval of the MACT
determination by the permitting authority:

(1) A relevant proposed regulation, including all supporting information;
(2) Background information documents for a draft or proposed regulation;

(3) Data and information available for the Contro! Technology Center developed pursuant to section 113 of
the Act;

(4) Data and information contained in the Aerometric Informational Retrieval System including information in
the MACT data base;

(5) Any additional information that can be expeditiously provided by the Administrator; and

(6) For the purpose of determinations by the permitting authority, any additional information provided by the
applicant or others, and any additional ilnformation considered available by the permitting authority.

Construct a major source means:

(1) To fabricate, erect, or install at any greenfield site a stationary source or group of stationary sources
which is located within a contiguous area and under common control and which emits or has the potential to
emit 10 tons per year of any HAP's or 25 tons per year of any combination of HAP, or

(2) To fabricate, erect, or install at any developed site a new process or production unit which in and of itself
emits or has the potential to emit 10 tons per year of any HAP or25 tons per year of any combination of
HAP, unless the process or production unit satisfies criteria in paragraphs (2) (i) through (vi) of this
definition.

(i) All HAP emitted by the process or production unit that would otherwise be controlled under the
requirements of this subpart will be controlled by emission contral equipment which was previously installed
at the same site as the process or production unit;

(i) (A) The permitting authority has determined within a period of 5 years prior to the fabrication, erection, or
installation of the process or production unit that the existing emission control equipment represented best
available control technology (BACT), lowest achievable emission rate (LAER) under 40 CFR part 51 or 562,
toxics—best available control technotogy (T-BACT), or MACT based on State air toxic rules for the category
of poliutants which includes those HAP's to be emitted by the process or production unit; or

(B) The permitting authority determines that the control of HAP emissions provided by the existing
equipment will be equivalent to that level of control currently achieved by other well-controlled simitar
sources (i.e., equivalent to the level of control that would be provided by a current BACT, LAER, T-BACT, or
State air toxic rule MACT determination); '

(iii) The permitting authority determines that the percent control efficiency for emissions of HAP from all
sources to be controlied by the existing control equipment will be equivalent to the percent control efficiency
provided by the control equipment prior to the inclusion of the new process or production unit;

(iv) The permitting authority has provided notice and an opportunity for public comment concerning its
determination that criteria in paragraphs (2)(i), (2)(ii), and (2)(iii) of this definition apply and concerning the
continued adequacy of any prior LAER, BATC, T-BACT, or State air toxic rule MACT determination;

(v) If any commenter has asserted that a prior LAER, BACT, T-BACT, or State air toxic rule MACT
determination is no longer adequate, the permitting authority has determined that the level of control
required by that prior determination remains adequate; and



(vi) Any emission limitations, work practice requirements, or other terms and conditions upon which the
above determinations by the permitting authority are applicable requirements under section 504(a) and
either have been incorporated into any existing title V permit for the affected facility or will be incorporated
into such permit upon issuance.

Control technology means measures, processes, methods, systems, or techniques to limit the emission of
hazardous air pollutants through process changes, substitution of materials or other modifications;

(1) Reduce the quantity of, or eliminate emissions of, such pollutants through process changes, substitution
of materials or other modifications;

(2) Enclose systems or processes to eliminate emissions;

(3) Collect, capture or treat such poliutants when released from a process, stack, storage or fugitive
emissions point;

(4) Are design, equipment, work practice, or operational standards (including requirements for operator
training or certification) as provided in 42 U.S.C. 7412(h); or

(5) Are a combination of paragraphs (1) through (4) of this definition.

Effective date of section 112(g)(2)(B) in a State or local jurisdiction means the effective date specified by the
permitting authority at the time the permitting authority adopts a program to implement section 112(g) with
respect to construction or reconstruction or major sources of HAP, or june 29, 1998 whichever is earlier.

Electric utility steam generating unit means any fossil fuel fired combustion unit of more than 25 megawatts
that serves a generator that produces electricity for sale. A unit that co-generates steam and electricity and
supplies more than one-third of its potential electric output capacity and more than 25 megawatts electric
output to any utility power distribution system for sale shall be considered an electnc utility steam generating
unit.

Greenfield suite means a contiguous area under common control that is an undeveloped site.
List of Source Categories means the Source Category List required by section 112(c) of the Act.

Maximum achievable control technology (MACT) emission limitation for new sources means the emission
limitation which is not less stringent that the emission limitation achieved in practice by the best controlled
similar source, and which reflects the maximum degree of deduction in emissions that the permitting
authority, taking into consideration the cost of achieving such emission reduction, and any non-air quality
health and environmental impacts and energy requirements, determines is achievable by the constructed or
reconstructed major source.

Notice of MACT Approval means a document issued by a permitting authority containing all federally
enforceable conditions necessary to enforce the application and operation of MACT or other control
technologies such that the MACT emission limitation is met.

Permitting authority means the permitting authority as defined in part 70 or 71 of this chapter.

Process or production unit means any collection of structures and/or equipment, that processes assembles,
applies, or otherwise uses material inputs to produce or store an intermediate or final product. A single
facility may contain more than one process or production unit.

Reconstruct a major source means the replacement of components at an existing process or production unit
that in and of itself emits or has that potential to emit 10 tons per year of any HAP or 25 tons per year of any
combination of HAP, whenever:



(1) The fixed capital cost of the new components exceeds 50 percent of the fixed capital cost that would be
required to construct a comparable process or production unit; and

(2) ttis technically and economically feasible for the reconstructed major source to meet the applicable
maximum achievable control technology emission limitation for new sources established under this subpart.

Research and development activities means activities conducted at a research or laboratory facility whose
primary purpose is to conduct research and development into new processes and products, where such
source is operated under the close supervision of technically trained personnel and is not engaged in the
manufacture of products for sale or exchange for commercial profit, except in a de minimis manner.

Similar source means a stationary source or process that has comparable emissions and is structurally
similar in design and capacity to a constructed or reconstructed major source such that the source could be
controlled using the same control technology.

[61 FR 68398, Dec. 27, 1996]

§ 63.42 Program requirements governing construction or reconstruction of major
sources.

(a) Adoption of program. Each permitting authority shall review its existing programs, procedures, and
criteria for preconstruction review for conformity to the requirements established by §§63.40 through 63.44,
shall make any additions and revisions to its existing programs, procedures, and criteria that the permitting
authority deems necessary to properly effectuate §§63.40 through 63.44, and shall adopt a program to
implement section 112(g) with respect to construction or reconstruction of major sources of HAP. As part of
the adoption by the permitting authority of a program to implement section 112(g) with respect to
construction or reconstruction of major sources of HAP, the chief executive officer of the permitting authority
shall certify that the program satisfies all applicable requirements established by §§63.40 through 63.44, and
shall specify an effective date for that program which is not later than June 29, 1998. Prior to the specified
effective date, the permitting authority shall publish a notice stating that the permitting authority has adopted
a program to implement section 112(g) with respect to construction or reconstruction of major sources of
HAP and stating the effective date, and shall provide a written description of the program to the .
Administrator through the appropriate EPA Regional Office. Nothing in this section shall be construed either:

(1) To require that any owner or operator of a stationary source comply with any requirement adopted by the
permitting authority which is not intended to implement section 112(g) with respect to construction or
reconstruction of major sources of HAP; or

(2) To preclude the permitting authority from enforcing any requirements not intended to implement section
112(g) with respect to construction or reconstruction of major sources of HAP under any other provision of
applicable law.

(b) Failure to adopt program. In the event that the permitting authority fails to adopt a program to implement
section 112(g) with respect to construction or reconstruction of major sources of HAP with an effective date
on or before June 29, 1998, and the permitting authority concludes that it is able to make case-by-case
MACT determinations which conform to the provisions of §63.43 in the absence of such a program, the
permitting authority may elect to make such determinations. However, in those instances where the
permitting authority elects to make case-by-case MACT determinations in the absence of a program to
implement section 112(g) with respect to construction or reconstruction of major sources of HAP, no such
case-by-case MACT determination shall take effect until after it has been submitted by the permitting
authority in writing to the appropriate EPA Regional Adminstrator and the EPA Regional Administrator has
concurred in writing that the case-by-case MACT determination by the permitting authority is in conformity
with all requirements established by §§63.40 through 63.44. In the event that the permitting authority fails to
adopt a program to implement section 112(g) with respect to construction or reconstruction of major sources
of HAP with an effective date on or before June 29, 1998, and the permitting authority concludes that it is
unable to make case-by-case MACT determinations in the absence of such a program, the permitting
authority may request that the EPA Regional Administrator implement a transitional program to implement
section 112(g) with respect to construction or reconstruction of major sources of HAP in the affected State of
local jurisdiction while the permitting authority completes development and adoption of a section 112(g)



program. Any such transitional section 112(g) program impiemented by the EPA Regional Administrator
shall conform to all requirements established by §§63.40 through 63.44, and shall remain in effect for no
more than 30 months. Continued failure by the permitting authority to adopt a program to implement section
112(g) with respect to construction or reconstruction of major sources of HAP shall be construed as a failure
by the permitting authority to adequately administer and enforce its title V permitting program and shall
constitute cause by EPA to apply the sanctions and remedies set forth in the Clean Air Act section 502(]).

(c) Prohibition. After the effective date of section 112(g)(2)(B) (as defined in §63.41) in a State or local
jurisdiction and the effective date of the title V permit program applicable to that State or local jurisdiction, no
person may begin actual construction or reconstruction of a major source of HAP in such State or local
jurisdiction unless:

(1) The major source in question has been specifically regulated or exempted from regulation under a
standard issued pursuant to section 112(d), section 112(h) or section 112(j) in part 63, and the owner and
operator has fully complied with all procedures and requirements for preconstruction review established by
that standard, including any applicable requirements set forth in subpart A of this part 63; or

(2) The permitting authority has made a final and effective case-by-case determination pursuant to the
provisions of §63.43 such that emissions from the constructed or reconstructed major source will be
controlled to a level no less stringent than the maximum achievable control technology emission limitation
for new sources.

{61 FR 68400, Dec. 27, 1996, as amended at 64 FR 35032, June 30, 1999]

§63.43 Maximum achievable control technology (MACT) determinations for constructed
and reconstructed major sources.

(a) Applicability. The requirements of this section apply to an owner or operator who constructs or
reconstructs a major source of HAP subject to a case-by-case determination of maximum achievable control
technology pursuant to §63.42(c).

(b) Requirements for constructed and reconstructed major sources. When a case-by-case determination of
MACT is required by §63.42(c), the owner and operator shall obtain from the permitting authority an
approved MACT determination according to one of the review options contained in paragraph (c) of this
section.

(c) Review options. (1) When the permitting authority requires the owner or operator to obtain, or revise, a
permit issued pursuant to title V of the Act before construction or reconstruction of the major source, or when
the permitting authority allows the owner or operator at its discretion to obtain or revise such a permit before
construction or reconstruction, and the owner or operator elects that option, the owner or operator shall
follow the administrative procedures in the program approved under titie V of the Act (or in other regulations
issued pursuant to title V of the Act, where applicabie).

(2) When an owner or operator is not required to obtain or revise a title V permit (or other permit issued
pursuant to title V of the Act) before construction or reconstruction, the owner or operator (unless the owner
or operator voiuntarily foliows the process to obtain a titie V permit) shall either, at the discretion of the
permitting authority:

(i) Apply for and obtain a Notice of MACT Approval according to the procedures outlined in paragraphs (f)
through (h) of this section; or

(i) Apply for a MACT determination under any other administrative procedures for preconstruction review
and approval established by the permitting authority for a State or local jurisdiction which provide for public
participation in the determination, and ensure that no person may begin actual construction or reconstruction
of a major source in that State or local jurisdiction uniess the permitting authority determines that the MACT
emission limitation for new sources will be met.



(3) When applying for a permit pursuant to title V of the Act, an owner or operator may request approval of
case-by-case MACT determinations for alternative operating scenarios. Approval of such determinations
satisfies the requirements of section 112(g) of each such scenario.

(4) Regardless of the review process, the MACT emission limitation and requirements established shall be
effective as required by paragraph (j) of this section, consistent with the principles established in paragraph
(d) of this section, and supported by the information listed in paragraph (e) of this section. The owner or
operator shall comply with the requirements in paragraphs (k) and () of this section, and with all applicable
requirements in subpart A of this part.

(d) Principles of MACT determinations. The following general principles shall govern preparation by the
owner or operator of each permit application or other application requiring a case-by-case MACT
determination concerning construction or reconstruction of a major source, and all subsequent review of and
actions taken concerning such an application by the permitting authority:

(1) The MACT emission limitation or MACT requirements recommended by the applicant and approved by
the permitting authority shall not be less stringent than the emission control which is achieved in practice by
the best controlled similar source, as determined by the permitting authority. :

(2) Based upon available information, as defined in this subpart, the MACT emission limitation and control
technology (including any requirements under paragraph (d)(3) of this section) recommended by the
applicant and approved by the permitting authority shall achieve the maximum degree of reduction in
emissions of HAP which can be achieved by utilizing those control technologies that can be identified from
the available information, taking into consideration the costs of achieving such emission reduction and any
non-air quality health and environmental impacts and energy requirements associated with the emission
reduction.

(3) The applicant may recommend a specific design, equipment, work practice, or operational standard, or a
combination thereof, and the permitting authority may approve such a standard if the permitting authority
specifically determines that it is not feasible to prescribe or enforce an emission limitation under the criteria
set forth in section 112(h)(2) of the Act.

(4) If the Administrator has either proposed a relevant emission standard pursuant to section 112(d) or
section 112(h) of the Act or adopted a presumptive MACT determination for the source category which
includes the constructed or reconstructed major source, then the MACT requirements applied to the
constructed or reconstructed major source shall have considered those MACT emission limitations and
requirements of the proposed standard or presumptive MACT determination.

(e) Application requirements for a case-by-case MACT determination. (1) An application for a MACT
determination (whether a permit application under title V of the Act, an application for a Notice of MACT
Approval, or other document specified by the permitting authority under paragraph (c)(2)(ii) of this section)
shall specify a control technology selected by the owner or operator that, if properly operated and
maintained, will meet the MACT emission limitation or standard as determined according to the principles
set forth in paragraph (d) of this section.

(2) In each instance where a constructed or reconstructed major source would require additional control
technology or a change in control technology, the application for a MACT determination shall contain the
following information:

(i) The name and address (physical location) of the major source to be constructed or reconstructed,

(i) A brief description of the major source to be constructed or reconstructed and identification of any listed
source category or categories in which it is included;

(i) The expected commencement date for the construction or reconstruction of the major source;

(iv) The expected completion date for construction or reconstruction of the major source;



(v) the anticipated date of start-up for the constructed or reconstructed major source;

(vi) The HAP emitted by the constructed or reconstructed major source, and the estimated emission rate for
each such HAP, to the extent this information is needed by the permitting authority to determine MACT;

(viiy Any federally enforceable emission limitations applicable to the constructed or reconstructed major
source;

(viii) The maximum and expected utilization of capacity of the constructed or reconstructed major source,
and the associated uncontrolled emission rates for that source, to the extent this information is needed by
the permitting authority to determine MACT;

(ix) The controlled emissions for the constructed or reconstructed major source in tons/yr at expected and
maximum utilization of capacity, to the extent this information is needed by the permitting authority to
determine MACT;

(x) A recommended emission limitation for the constructed or reconstructed majar source consistent with the
principles set forth in paragraph (d) of this section;

(xi) The selected control technology to meet the recommended MACT emission limitation, including
technical information on the design, operation, size, estimated control efficiency of the control technology
(and the manufacturer's name, address, telephone number, and relevant specifications and drawings, if
requested by the permitting authority);

(xii) Supporting documentation including identification of alternative control technologies considered by the
applicant to meet the emission limitation, and analysis of cost and non-air quality health environmental
impacts or energy requirements for the selected control technology; and

(xiii) Any other relevant information required pursuant to subpart A.

(3) In each instance where the owner or operator contends that a constructed or reconstructed major source
will be in compliance, upon startup, with case-by-case MACT under this subpart without a change in control
technology, the application for a MACT determination shall contain the following information:

(i) The information described in paragraphs (e)(2)(i) through (e)(2)(x) of this section; and
(i) Documentation of the control technology in place.

(f) Administrative procedures for review of the Notice of MACT Approval. (1) The permitting authority will
notify the owner or operator in writing, within 45 days from the date the application is first received, as to
whether the application for a MACT determination is complete or whether additional information is required.

(2) The permitting authority will initially approve the recommended MACT emission limitation and other
terms set forth in the application, or the permitting authority will notify the owner or operator in writing of its
intent to disapprove the application, within 30 calendar days after the owner or operator is notified in writing
that the application is complete.

(3) The owner or operator may present, in writing, within 60 calendar days after receipt of notice of the
permitting authority's intent to disapprove the application, additional information or arguments pertaining to,
or amendments to, the application for consideration by the permitting authority before it decides whether to
finally disapprove the application.

(4) The permitting authority will either initially approve or issue a final disapproval of the appiication within 90
days after it notifies the owner or operator of an intent to disapprove or within 30 days after the date
additional information is received from the owner or operator; whichever is earlier.



(5) A final determination by the permitting authority to disapprove any application will be in writing and will
specify the grounds on which the disapproval is based. If any application is finally disapproved, the owner or
operator may submit a subsequent application concerning construction or reconstruction of the same major
source, provided that the subsequent application has been amended in response to the stated grounds for
the prior disapproval.

(6) An initial decision to approve an application for a MACT determination will be set forth in the Notice of
MACT Approval as described in paragraph (g) of this section.

(g) Notice of MACT Approval. (1) The Notice of MACT Approval will contain a MACT emission limitation (or
a MACT work practice standard if the permitting authority determines it is not feasible to prescribe or enforce
an emission standard) to control the emissions of HAP. The MACT emission limitation or standard will be
determined by the permitting authority and will conform to the principles set forth in paragraph (d) of this
section.

(2) The Notice of MACT Approval will specify any notification, operation and maintenance, performance
testing, monitoring, reporting and record keeping requirements. The Notice of MACT Approval shall include:

(i) In addition to the MACT emission limitation or MACT work practice standard established under this
subpart, additional emission limits, production limits, operational limits or other terms and conditions
necessary to ensure Federal enforceability of the MACT emission limitation;

(i) Compliance certifications, testing, monitoring, reporting and record keeping requirements that are
consistent with the requirements of §70.6(c) of this chapter;

(iii) In accordance with section 114(a)(3) of the Act, monitoring shall be capable of demonstrating continuous
compliance during the applicabie reporting period. Such monitoring data shall be of sufficient quality to be
used as a basis for enforcing all applicable requirements established under this subpart, including emission
limitations;

(iv) A statement requiring the owner or operator to comply with all applicable requirements contained in
subpart A of this part;

(3) All provisions contained in the Notice of MACT Approval shall be federally enforceable upon the effective
date of issuance of such naotice, as provided by paragraph (j) of this section.

(4) The Notice of MACT Approval shall expire if construction or reconstruction has not commenced within 18
months of issuance, unless the permitting authority has granted an extension which shall not exceed an
additional 12 months.

(h) Opportunity for public comment on the Notice of MACT Approval. (1) The permitting authority will provide
opportunity for public comment on the Notice of MACT Approval, including, at a minimum:

(i) Availability for public inspection in at least one location in the area affected of the information submitted
by the owner or operator and of the permitting authority's initial decision to approve the application;

(i) A 30-day period for submittal of public comment; and

(iii) A notice by prominent advertisement in the area affected of the location of the source information and
initial decision specified in paragraph (h)(1)(i) of this section. '

(2) At the discretion of the permitting authority, the Notice of MACT Approval setting forth the initial decision

to approve the application may become final automatically at the end of the comment period if no adverse

comments are received. If adverse comments are received, the permitting authority shall have 30 days after

- the end of the comment period to make any necessary revisions in its analysis and decide whether to finally
approve the application. :



(i) EPA natification. The permitting authority shall send a copy of the final Notice of MACT Approval, notice
of approval of a title V permit application incorporating a MACT determination (in those instances where the
owner or operator either is required or elects to obtain such a permit before construction or reconstruction),
or other notice of approval issued pursuant to paragraph (c)(2)(ii) of this section to the Administrator through
the appropriate Regional Office, and to all other State and local air pollution control agencies having
jurisdiction in affected States.

() Effective date. The effective date of a MACT determination shall be the date the Notice of MACT Approval
becomes final, the date of issuance of a title V permit incorporating a MACT determination (in those
instances where the owner or operator either is required or elects to obtain such a permit before
construction or reconstruction), or the date any other notice of approval issued pursuant to paragraph
(c)(2)(ii) of this section becomes final.

(k) Compliance date. On and after the date of start-up, a constructed or reconstructed major source which is
subject to the requirements of this subpart shall be in compliance with all applicable requirements specified
in the MACT determination.

() Compliance with MACT determinations. (1) An owner or operator of a constructed or reconstructed major
source that is subject to a MACT determination shall comply with all requirements in the final Notice of
MACT Approval, the title V permit (in those instances where the owner or operator either is required or
elects to obtain such a permit before construction or reconstruction), or any other final notice of approval
issued pursuant to paragraph (c)(2)(ii) of this section, including but not limited to any MACT emission
limitation or MACT work practice standard, and any notification, operation and maintenance, performance
testing, monitoring, reporting, and recordkeeping requirements.

(2) An owner or operator of a constructed or reconstructed major source which has obtained a MACT
determination shall be deemed to be in compliance with section 112(g)(2)(B) of the Act only to the extent
that the constructed or reconstructed major source is in compliance with ali requirements set forth in the final
Notice of MACT Approval, the title V permit (in those instances where the owner or operator either is
required or elects to obtain such a permit before construction or reconstruction), or any other final notice of
approval issued pursuant to paragraph (c)(2)(ii) of this section. Any violation of such requirements by the
owner or operator shall be deemed by the permitting authority and by EPA to be a violation of the prohibition
on construction or reconstruction in section 112(g)(2)(B) for whatever period the owner or operator is
determined to be in violation of such requirements, and shall subject the owner or operator to appropriate
enforcement action under the Act.

(m) Reporting to the Administrator. Within 60 days of the issuance of a final Notice of MACT Approval, a title
V permit incorporating a MACT determination (in those instances where the owner or operator either is
required or elects to obtain such a permit before construction or reconstruction), or any other final notice of
approval issued pursuant to paragraph (c)(2)(ii) of this section, the permitting authority shall provide a copy
of such notice to the Administrator, and shall provide a summary in a compatible electronic format for
inclusion in the MACT data base.

[20 FR 68401, Dec. 27, 1996]

§ 63.44 Requirements for constructed or reconstructed major sources subject to a
subsequently promulgated MACT standard or MACT requirement.

¢
(a) If the Administrator promuigates an emission standard under section 112(d) or section 112(h) of the Act
or the permitting authority issues a determination under section 112(j) of the Act that is applicable to a
stationary source or group of sources which would be deemed to be a constructed or reconstructed major
source under this subpart before the date that the owner or operator has obtained a final and legally
effective MACT determination under any of the review options available pursuant to §63.43, the owner or
operator of the source(s) shall comply with the promulgated standard or determination rather than any
MACT determination under section 112(g) by the permitting authority, and the owner or operator shall
comply with the promulgated standard by the compliance date in the promulgated standard.

(b) If the Administrator promulgates an emission standard under section 112(d) or section 112(h) of the Act
or the permitting authority makes a determination under section 112(j) of the Act that is applicable to a



stationary source or group of sources which was deemed to be a constructed or reconstructed major source
under this subpart and has been subject to a prior case-by-case MACT determination pursuant to §63.43,
and the owner and operator obtained a final and legally effective case-by-case MACT determination prior to
the promulgation date of such emission standard, then the permitting authority shall (if the initial title V

permit has not yet been issued) issue an initial operating permit which incorporates the emission standard or
determination, or shall (if the initial title V permit has been issued) revise the operating permit according to

the reopening procedures in 40 CFR part 70 or part 71, whichever is relevant, to incorporate the emission
standard or determination.

(1) The EPA may include in the emission standard established under section 112(d) or section 112(h) of the
Act a specific compliance date for those sources which have obtained a final and legally effective MACT
determination under this subpart and which have submitted the information required by §63.43 to the EPA
before the close of the public comment period for the standard established under section 112(d) of the Act.
Such date shall assure that the owner or operator shall comply with the promulgated standard as
expeditiously as practicable, but not longer than 8 years after such standard is promulgated. In that event,
the permitting authority shall incorporate the applicable compliance date in the title V operating permit.

(2) If no compliance date has been established in the promulgated 112(d) or 112(h) standard or section
112(j) determination, for those sources which have obtained a final and legally effective MACT determination
under this subpart, then the permitting authority shall establish a compliance date in the permit that assures
that the owner or operator shall comply with the promulgated standard or determination as expeditiously as

practicable, but not longer than 8 years after such standard is promulgated or a section 112(j) determination
is made.

(c) Notwithstanding the requirements of paragraphs (a) and (b) of this section, if the Administrator
promulgates an emission standard under section 112(d) or section 112(h) of the Act or the permitting
authority issues a determination under section 112(j) of the Act that is applicable to a stationary source or
group of sources which was deemed to be a constructed or reconstructed major source under this subpart
and which is the subject of a prior case-by-case MACT determination pursuant to §63.43, and the level of
contro! required by the emission standard issued under section 112(d) or section 112(h) or the determination
issued under section 112(j) is less stringent than the level of control required by any emission limitation or
standard in the prior MACT determination, the permitting authority is not required to incorporate any less
stringent terms of the promulgated standard in the title V operating permit applicable to such source(s) and
may in its discretion consider any more stringent provisions of the prior MACT determination to be applicable
legal requirements when issuing or revising such an operating permit.

[61 FR 68404, Dec. 27, 1996)
§§ 63.45-63.49 [Reserved]
§ 63.50 Applicability.

(a) General applicability. (1) The requirements of this section through §63.56 implement section 112(j) of the’
Clean Air Act (as amended in 1990). The requirements of this section through §63.56 apply in each State
beginning on the effective date of an approved title V permit program in such State. The requirements of this
section through §63.56 do not apply to research or laboratory activities as defined in §63.51.

(2) The requirements of this section through §63.56 apply to:

(i) The owner or operator of affected sources within a source category or subcategory under this part that
are located at a major source that is subject to an approved title V permit program and for which the
Administrator has failed to promuigate emission standards by the section 112(j) deadlines. If title V
applicability has been deferred for a source category, then section 112(j) is not applicable for sources in that
category within that State, local or tribal jurisdiction until those sources become subject to title V permitting
requirements; and

(i) Permitting authorities with an approved title V permit program.



(b) Relationship to State and local requirements. Nothing in §§63.50 through 63.56 shall prevent a State or
local regulatory agency from imposing more stringent requirements, as a matter of State or local law, than
those contained in §§63.50 through 63.56.

(c) The procedures in §§63.50 through 63.56 apply for each affected source only after the section 112(j)
deadiine for the source category or subcategory in guestion has passed, and only until such time as a
generally applicable Federal standard governing that source has been promuigated under section 112(d) or
112(h) of the Act. Once a generally applicable Federal standard governing that source has been
promulgated, the owner or operator of the affected source and the permitting authority are not required to
take any further actions to develop an equivalent emission limitation under section 112(j) of the Act.

(d) Any final equivalent emission limitation for an affected source which is issued by the permitting authority
pursuant to §§63.50 through 63.56 prior to promulgation of a generally applicable Federal standard
governing that source under section 112(d) or 112(h) of the Act shall be deemed an applicable Federal
requirement adopted pursuant to section 112(j) of the Act. Each such equivalent emission limitation shall
take effect upon issuance of the permit containing that limitation under section 112(j)(5) of the Act, and shall
remain applicable to the source until such time as it may be revised or supplanted pursuant to the
procedures established by §§63.50 through 63.56. Such a final equivalent emission limitation, and all
associated requirements adopted pursuant to §63.52(f)(2), are directly enforceable under Federal law
regardless of whether or not any permit in which they may be contained remains in effect.

[59 FR 26449, May 20, 1994, as amended at 67 FR 16605, Apr. 5, 2002; 68 FR 32601, May 30, 2003]
§ 63.51 Definitions.

Terms used in §§63.50 through 63.56 that are not defined in this section have the meaning given to them in
the Act, or in subpart A of this part.

Affected source means the collection of equipment, activities, or both within a single contiguous area and
under common control that is in a section 112(c) source categary or subcategory for which the Administrator
has failed to promulgate an emission standard by the section 112(j) deadiine, and that is addressed by an
applicable MACT emission limitation established pursuant to this subpart.

Available information means, for purposes of conducting a MACT floor finding and identifying control
technology options under this subpart, any information that is available as of the date on which the first Part
2 MACT application is filed for a source in the relevant source category or subcategory in the State or
jurisdiction; and, pursuant to the requirements of this subpart, is additional relevant information that can be
expeditiously provided by the Administrator, is submitted by the applicant or others prior to or during the
public comment period on the section 112(j) equivalent emission limitation for that source, or information
contained in the information sources in paragraphs (1) through (5) of this definition.

(1) A relevant proposed regulation, including all supporting information;
(2) Relevant background information documents for a draft or proposed regulation.

(3) Any relevant regulation, information or guidance coliected by the Administrator establishing a MACT floor
finding and/or MACT determination.

(4) Relevant data and information available from the Clean Air Technology Center developed pursuant to
section 112(1)(3) of the Act.

(5) Relevant data and information cbntained in the Aerometric Information Retrieval System (AIRS).
(6) Any additional information that can be expeditiously provided by the Administrator, and

(7) Any information provided by applicants in an application for a permit, permit modification, administrative
amendment, or Notice of MACT Approval pursuant to the requirements of this subpart.



(8) Any additional relevant information provided by the applicant.

Control technology means measures, processes, methods, systems, or techniques to limit the emission of
hazardous air pollutants including, but not limited to, measures which:

(1) Reduce the quantity, or eliminate emissions, of such pollutants through process changes, substitution of
materials or other modifications;

(2) Enclose systems or processes to eliminate emissions;

(3) Collect, capture, or treat such pollutants when released from a process, stack, storage or fugitive
emissions point; .

(4) Are design, equipment; work practice, or operational standards (including requirements for operator
training or certification) as provided in 42 U.S.C. 7412(h); or

(5) Are a combination of paragraphs (1) through (4) of this definition.

Enhanced review means a review process containing all administrative steps needed to ensure that the
terms and conditions resulting from the review process can be incorporated using title V permitting -
procedures.

Equivalent emission limitation means an emission limitation, established under section 112(j) of the Act,
which is equivalent to the MACT standard that EPA would have promulgated under section 112(d) or (h) of
the Act.

Maximum achievable control technology (MACT) emission limitation for existing sources means the
emission limitation reflecting the maximum degree of reduction in emissions of hazardous air pollutants
(including a prohibition on such emissions, where achievable) that the Administrator, taking into
cansideration the cost of achieving such emission reductions, and any non-air quality health and
environmental impacts and energy requirements, determines is achievable by sources in the category or
subcategory to which such emission standard applies. This limitation shall not be less stringent than the
MACT floor.

Maximum achievable control technology (MACT) emission limitation for new sources means the emission
limitation which is not less stringent than the emission limitation achieved in practice by the best controlled
similar source, and which reflects the maximum degree of reduction in emissions of hazardous air poliutants
(including a prohibition on such emissions, where achievable) that the Administrator, taking into
consideration the cost of achieving such emission reduction, and any non-air quality health and
environmental impacts and energy requirements, determines is achievabie by sources in the category or
subcategory to which such emission standard applies.

Maximum Achievable Control Technology (MACT) floor means:
(1) For existing sources:

(i) The average emission limitation achieved by the best performing 12 percent of the existing sources in the
United States (for which the Administrator has emissions information), excluding those sources that have,
within 18 months before the emission standard is proposed or within 30 months before such standard is
promulgated, whichever is later, first achieved a level of emission rate or emission reduction which complies,
or would comply if the source is not subject to such standard, with the lowest achievable emission rate (as
defined in section 171 of the Act) applicable to the source category and prevailing at the time, in the
category or subcategory, for categories and subcategories of stationary sources with 30 or more sources; or

(i) The average emission limitation achieved by the best performing five sources (for which the
Administrator has or could reasonably obtain emissions information) in the category or subcategory, for
categories or subcategories with fewer than 30 sources;



(2) For new sources, the emission limitation achieved in practice by the best controlled similar source.

New affected source means the collection of equipment, activities, or both, that if constructed after the
issuance of a section 112(j) permit for the source pursuant to §63.52, is subject to the applicable MACT
emission limitation for new sources. Each permit must define the term “new affected source,” which will be
the same as the “affected source” unless a different collection is warranted based on consideration of factors
including:

(1) Emission reduction impacts of controlling individual sources versus groups of sources;
(2) Cost effecﬁvenessi of controlling individual equipment;

(3) Fiexibility to accommodate common control strategies;

(4) Cost/benefits of emissions averaging;

(5) Inceniives for pollution prevention;

(6) Feasibility and cost of controlling processes that share common equipment ( e.g., product recovery
devices); ) . .

(7) Feasibility and cost of monitoring; and
(8) Other relevant factors.
Permitting authority means the permitting authority as defined in part 70 of this chapter.

Research or laboratory activities means activities whose primary purpose is to conduct research and
development into new processes and products where such activities are operated under the close
supervision of technically trained personnel and are not engaged in the manufacture of products for
commercial sale in commerce, except in a de minimis manner; and where the source is not in a source
category, specifically addressing research or laboratory activities, that is listed pursuant to section 112(c)(7)
of the Act.

Section 112(j) deadline means the date 18 months after the date for which a relevant standard is scheduled
to be promulgated under this part, except that for all major sources listed in the source category schedule for
which a relevant standard is scheduled to be promulgated by November 15, 1994, the section 112(j)
deadline is November 15, 1996, and for all major sources listed in the source category schedule for which a
relevant standard is scheduled to be promulgated by November 15, 1997, the section 112(j) deadline is
December 15, 1999. '

Similar source means that equipment or collection of equipment that, by virtue of its structure, operability,
type of emissions and volume and concentration of emissions, is substantially equivalent to the new affected
source and employs control technology for control of emissions of hazardous air pollutants that is practical
for use on the new affected source.

Source category schedule for standards means the schedule for promuigating MACT standards issued
pursuant to section 112(e) of the Act.

[59 FR 26449, May 20, 1994, as amended at 61 FR 21372, May 10, 1996; 64 FR 26314, May 14, 1999: 67
FR 16605, Apr. 5, 2002]

§63.52 Approval process for new and existing affected sources.

(a) Sources subject to section 112(j) as of the section 112(j) deadline. The requirements of paragraphs
(a)(1) and (2) of this section apply to major sources that include, as of the section 112(j) deadline, one or



more sources in a category or subcategory for which the Administrator has failed to promulgate an emission
standard under this part on or before an applicable section 112(j) deadline. Existing source MACT
requirements (including relevant compliance deadlines), as specified in a title V permit issued to the source
pursuant to the requirements of the subpart, must apply to such sources.

(1) The owner or operator must submit an application for a title VV permit or for a revision to an existing title V
permit or a pending title V permit meeting the requirements of §63.53(a) by the section 112(j) deadline if the
owner or operator can reasonably determine that one or more sources at the major source beiong in the
category or subcategory subject to section 112(j).

(2) If an application was not submitted under paragraph (a)(1) of this section and if notified by the permitting

~authority, the owner or operator must submit an application for a title V permit or for a revision to an existing
title V permit or a pending title V permit meeting the requirements of §63.53(a) within 30 days after being
notified in writing by the permitting authority that one or more sources at the major source belong to such
category or subcategory. Permitting authorities are not required to make such notification.

(3) The requirements in paragraphs (a)(3)(i) through (ii) of this section apply when the owner or operator has
obtained a title V permit that incorporates a case-by-case MACT determination by the permitting authority
under section 112(g) or has submitted a title V permit application for a revision that incorporates a case-by-
case MACT determination under section 112(g), but has not submitted an application for a title V permit
revision that addresses the emission limitation requirements of section 112(j).

(i) When the owner or operator has a titie V permit that incorporates a case-by-case MACT determination by
the permitting authority under section 112(g), the owner or operator must submit an application meeting the
requirements of §63.53(a) for a title V permit revision within 30 days of the section 112(j) deadline or within
30 days of being notified in writing by the permitting authority that one or more sources at the major source
belong in such category or subcategory. Using the procedures established in paragraph (e) of this section,
the permitting authority must determine whether the emission limitations adopted pursuant to the prior case-
by-case MACT determination under section 112(g) are substantially as effective as the emission limitations
which the permitting authority would otherwise adopt pursuant to section 112(j) for the source in question. if
the permitting authority determines that the emission limitations previously adopted to effectuate section
112(g) are substantially as effective as the emission limitations which the permitting authority would
otherwise adopt to effectuate section 112(j) for the source, then the permitting authority must retain the
existing emission limitations in the permit as the emission limitations to effectuate section 112(j). The title V
permit applicable to that source must be revised accordingly. If the permitting authority does not retain the
existing emission limitations in the permit as the emission limitations to effectuate section 112(j), the MACT
requirements of this subpart are satisfied upon issuance of a revised title V permit incorporating any
additional section 112(j) requirements.

(i) When the owner or operator has submitted a title V permit application that incorporates a case-by-case
MACT determination by the permitting authority under section 112(g), but has not received the permit
incorporating the section 112(g) requirements, the owner or operator must continue to pursue a titie V permit
that addresses the emission limitation requirements of section 112(g). Within 30 days of issuance of that title
V permit, the owner or operator must submit an application meeting the requirements of §63.53(a) for a
change to the existing title V permit. Using the procedures established in paragraph (e) of this section, the
permitting authority must determine whether the emission limitations adopted pursuant to the prior case-by-
case MACT determination under section 112(g) are substantially as effective as the emission limitations
which the permitting authority would otherwise adopt pursuant to section 112(j) for the source in question. If
the permitting authority determines that the emission limitations previously adopted to effectuate section
112(g) are substantially as effective as the emission limitations which the permitting authority would
otherwise adopt to effectuate section 112(j) for the source, then the permitting authority must retain the
existing emission limitations in the permit as the emission limitations to effectuate section 112(j). The title V
permit applicable to that source must be revised accordingly. If the permitting authority does not retain the
existing emission limitations in the permit as the emission limitations to effectuate section 112(j), the MACT
requirements of this subpart are satisfied upon issuance of a revised title V permit incorporating any
additional section 112(j) requirements.

(b) Sources that become subject to secﬁon 112(j) after the section 112(j) deadline and that do not have a
title V permit addressing section 112(j) requirements. The requirements of paragraphs (b)(1) through (4) of
this section apply to sources that do not meet the criteria in paragraph (a) of this section on the section



112(j) deadline and are, therefare, not subject to section 112(j) on that date, but where events occur
subsequent to the section 112(j) deadline that would bring the source under the requirements of this
subpart, and the source does not have a title V permit that addresses the requirements of section 112(j).

(1) When one or more sources in a category or subcategory subject to the requirements of this subpart are
installed at a major source, or result in the source becoming a major source due to the installation, and the
installation does not invoke section 112(g) requirements, the owner or operator must submit an application
meeting the requirements of §63.53(a) within 30 days of startup of the source. This application shall be
reviewed using the procedures established in paragraph (e) of this section. Existing source MACT
requirements (including relevant compliance deadlines), as spectﬁed in a title V permit issued pursuant to
the requirements of this subpart, shall apply to such sources.

(2) The requirements in this paragraph apply when one or more sources in a category or subcategory
subject to this subpart are installed at a major source, or result in the source becoming a major source due
to the installation, and the installation does require emission limitations to be established and permitted
under section 112(g), and the owner or operator has not submitted an application for a title V permit revision
that addresses the emission limitation requirements of section 112(j). In this case, the owner or operator
must apply for and obtain a titie V permit that addresses the emission limitation requirements of section
112(g). Within 30 days of issuance of that title VV permit, the owner or operator must submit an application
meeting the requirements of §63.53(a) for a revision to the existing title VV permit. Using the procedures
established in paragraph (e) of this section, the permitting authority must determine whether the emission
limitations adopted pursuant to the prior case-by-case MACT determination under section 112(g) are
substantially as effective as the emission limitations which the permitting authority would otherwise adopt
pursuant to section 112(j) for the source in question. If the permitting authority determines that the emission
limitations previously adopted to effectuate section 112(g) are substantially as effective as the emission
limitations which the permitting authority would otherwise adopt to effectuate section 112(j) for the source,
then the permitting authority must retain the existing emission limitations in the permit as the emission
limitations to effectuate section 112(j). The title V permit applicable to that scurce must be revised
accordingly. If the permitting authority does not retain the existing emission limitations in the permit as the
emission limitations to effectuate section 112(j), the MACT requirements of this subpart are satisfied upon
issuance of a revised titie V permit incorporating any additional section 112(j) requirements.

(3) The owner ar operator of an area source that, due to a relaxation in any federally enforceable emission
limitation (such as a restriction on hours of operation), increases its potential to emit hazardous air pollutants
such that the source becomes a major source that is subject to this subpart, must submit an application
meeting the requirements of §63.53(a) for a title V permit or for an application for a title V permit revision
within 30 days after the date that such source becomes a major source. This application must be reviewed
using the procedures established in paragraph (e) of this section. Existing source MACT requirements
(including relevant compliance deadlines), as specified in a title VV permit issued pursuant to the
requirements of this subpart, must apply to such sources.

(4) On or after April 5, 2002, if the Administrator establishes a lesser quantity emission rate under section
112(a)(1) of the Act that results in an area source becoming a major source that is subject to this subpart,
then the owner or operator of such a major source must submit an application meeting the requirements of
§63.53(a) for a title V permit or for a change to an existing title V permit or pending titie VV permit on or before
the date 6 months after the date that such source becomes a major source. Existing source MACT
requirements (including relevant compliance deadlines), as specified in a title V permit issued pursuantto
the requirements of this subpart, shall apply to such sources.

(c) Sources that have a title V permit addressing section 112(j) requirements. The requirements of
paragraphs (c)(1) and (2) of this section apply to major sources that include one or more sources in a
category or subcategory for which the Administrator fails to promulgate an emission standard under this part
on or before an applicable section 112(j) deadline, and the owner or operator has a permit meeting the
section 112(j) requirements, and where changes occur at the major source to equipment, activities, or both,
subsequent to the section 112(j) deadline.

(1) H the title V permit already provides the appropriate requirements that address the events that occur
under paragraph (c) of this section subsequent to the section 112(j) deadline, then the saurce must comply
with the applicable new source MACT or existing source MACT requirements as specified in the permit, and
the section 112(j) requirements are thus satisfied.



(2) If the title V permit does not contain the appropriate requirements that address the events that occur
under paragraph (c) of this section subsequent to the section 112(j) deadline, then the owner or operator
must submit an application for a revision to the existing titie V permit that meets the requirements of
§63.53(a). The application must be submitted within 30 days of beginning construction and must be
reviewed using the procedures established in paragraph (e) of this section. Existing source MACT
requirements (including relevant compliance deadlines), as specified in a title V permit issued pursuant to
the requirements of this subpart, shall apply to such sources. -

(d) Requests for applicability determination or notice of MACT approval. (1) An owner or operator who is
unsure of whether one or more sources at a major source belong in a category or subcategory for which the
Administrator has failed to promulgate an emission standard under this part may, on or before an applicable
section 112(j) deadline, request an applicability determination from the permitting authority by submitting an
application meeting the requirements of §63.53(a) by the applicable deadlines specified in paragraphs (a),
(b), or (c) of this section.

(2) In addition to meeting the requirements of paragraphs (a), (b), and (c) of this section, the owner or
operator of a new affected source may submit an application for a Notice of MACT Approval before
construction, pursuant to §63.54.

(e) Permit application review. (1) Each owner or operator who is required to submit to the permitting
authority a Part 1 MACT application which meets the requirements of §63.53(a) for one or more sources in a
category or subcategory subject to section 112(j) must also submit to the permitting authority a timely Part 2
MACT application for the same sources which meets the requirements of §63.53(b). Each owner or operator
shall submit the Part 2 MACT application for the sources in a particular category or subcategory no later
than the applicable date specified in Table 1 to this subpart. The submission date specified in Table 1to this
subpart for Miscellaneous Organic Chemical Manufacturing shall apply to sources in each of the source
categories listed in Table 2 to this subpart. When the owner or operator is required by §§63.50 through
63.56 to submit an application meeting the requirements of §63.53(a) by a date which is after the date for a
Part 2 MACT application for sources in the category or subcategory in question established by Table 1 to
this subpart, the owner or operator shall submit a Part 2 MACT application meeting the requirements of
§63.53(b) within 60 additional days after the applicable deadline for submission of the Part 1 MACT
application. Part 2 MACT applications must be reviewed by the permitting authority according to procedures
established in §63.55. The resulting MACT determination must be incorporated into the source's title V
permit according to procedures established under title V, and any other regulations approved under fitie V in
the jurisdiction in which the affected source is located.

(2) Notwithstanding paragraph (e)(1) of this section, the owner or operator may request either an
applicability determination or an equivalency determination by the permitting authority as provided in
paragraphs (e)(2)(i) and (ii) of this section.

(i) Each owner or operator who submitted a request for an applicability determination pursuant to paragraph
(d)(1) of this section on or before May 15, 2002, which remains pending before the permitting authority on
May 30, 2003, and who stilt wishes to obtain such a determination, must resubmit that request by July 29,
2003, or by the date which is 60 days after the Administrator publishes in theFederal Registera proposed
standard under section 112(d) or 112(h) of the Act for the category or subcategory in question, whichever is
later. Each request for an applicability determination which is resubmitted under this paragraph (e)(2)(i) must
be supplemented to discuss the relation between the source(s) in question and the applicability provision in
the proposed standard for the category or subcategory in question, and to explain why there may still be
uncertainties that require a determination of applicability. The permitting authority must take action upon
each properly resubmitted and supplemented request for an applicability determination within an additional
60 days after the applicable deadiine for the resubmitted request. if the applicability determination is
positive, the owner or operator must submit a Part 2 MACT application meeting the requirements of
§63.53(b) by the date specified for the category or subcategory in question in Table 1 to this subpart. If the
applicability determination is negative, then no further action by the owner or operator is necessary.

(ii) As specified in paragraphs (a) and (b) of this section, an owner or operator who has submitted an
application meeting the requirements of §63.53(a) may request a determination by the permitting authority of
whether emission limitations adopted pursuant to a prior case-by-case MACT determination under section
112(g) that apply to one or more sources at a major source in a relevant category or subcategory are
substantially as effective as the emission limitations which the permitting authority would otherwise adopt



pursuant to section 112(j) for the source in question. Such a request must be submitted by the date for the
category or subcategory in question specified in Table 1 to this subpart. Any owner or operator who
previously submitted such a request under a prior version of this paragraph (e)(2)(ii) need not resubmit the
request. Each request for an equivaiency determination under this paragraph (e)(2)(fi), regardiess of when it
was submitted, will be construed in the alternative as a complete application for an equivalent emission
limitation under section 112(j). The process for determination by the permitting authority of whether the
emission limitations in the prior case-by-case MACT determination are substantially as effective as the
emission limitations which the permitting authority would otherwise adopt under section 112(j) must include
the opportunity for full public, EPA, and affected State review prior to a final determination. If the permitting
authority determines that the emission limitations in the prior case-by-case MACT determination are
substantially as effective as the emission limitations which the permitting authority would otherwise adopt
under section 112(j), then the permitting authority must adopt the existing emission limitations in the permit
as the emission limitations to effectuate section 112(j) for the source in question. if more than 3 years
remain on the current title V permit, the owner or operator must submit an application for a title V permit
revision to make any conforming changes in the permit required to adopt the existing emission limitations as
the section 112(j) MACT emission limitations. If less than 3 years remain on the current title V permit, any
required conforming changes must be made when the permit is renewed. If the permitting authority
determines that the emission limitations in the prior case-by-case MACT determination under section 112(g)
are not substantially as effective as the emission limitations which the permitting authority would otherwise
adopt for the source in question under section 112(j), the permitting authority must make a new MACT
determination and adopt a title V permit incorporating an appropriate equivalent emission limitation under
section 112(j). Such a determination constitutes final action for purposes of judicial review under 40 CFR
70.4(b)(3)(x) and corresponding State title V program provisions.

(3) Within 60 days of submittal of the Part 2 MACT application, the permitting authority must notify the owner
or operator in writing whether the application is complete or incomplete. The Part 2 MACT application shall
be deemed complete on the date it was submitted unless the permitting authority notifies the owner or
operator in writing within 60 days of the submittal that the Part 2 MACT application is incomplete. A Part 2
MACT application is complete if it is sufficient to begin processing the application for a title V permit
addressing section 112(j) requirements. In the event that the permitting authority disapproves a permit
application or determines that the application is incompiete, the owner or operator must revise and resubmit
the application to meet the objections of the permitting authority. The permitting authority must specify a
reasonable period in which the owner or operator is required to remedy the deficiencies in the disapproved
or incomplete application. This period may not exceed 6 months from the date the owner or operator is first
notified that the application has been disapproved or is incomplete.

(4) Foliowing submittal of a Part 1 or Part 2 MACT application, the permitting authority may request
additional information from the owner or operator. The owner or operator must respond to such requests in a
timely manner.

(5) If the owner or operator has submitted a timely and complete application as required by this section, any
failure to have a title V permit addressing section 112(j) requirements shall not be a violation of section
112(j), uniess the delay in final action is due to the failure of the applicant to submit, in a timely manner,
information required or requested to process the application. Once a complete application is submitted, the
owner or operator shall not be in violation of the requirement to have a titie V permit addressing section
112(j) requirements.

(fy Permit content. The title V permit must contain an equivalent emission limitation (or limitations) for the
relevant category or subcategory determined on a case-by-case basis by the permitting authority, or, if the
applicable criteria in subpart D of this part are met, the title V permit may contain an alternative emission
limitation. For the purposes of the preceding sentence, early reductions made pursuant to section
112(1)(5)(A) of the Act must be achieved not Iater than the date on which the relevant standard shouid have
been promuigated according to the source category schedule for standards.

(1) The title V permit must contain an emission standard or emission limitation that is equivalent to existing
source MACT and an emission standard or emission limitation that is equivalent to new source MACT for
control of emissions of hazardous air pollutants. The MACT emission standards or limitations must be
determined by the permitting authority and must be based on the degree of emission reductions that can be
achieved if the control technologies or work practices are installed, maintained, and operated properly. The
permit must also specify the affected source and the new affected source. If construction of a new affected



source or reconstruction of an affected source commences after a title V permit meeting the requirements of
section 112(j) has been issued for the source, the new source MACT compliance dates must apply.

(2) The title V permit must specify any notification, operation and maintenance, performance testing,
monitoring, and reporting and recordkeeping requirements. In developing the title V permit, the permitting
authority must consider and specify the appropriate provisions of subpart A of this part. The title V permit
must also include the information in paragraphs (f)(2)(i) through (iii) of this section.

(i) In addition to the MACT emission limitation required by paragraph (f)(1) of this section, additional
emission limits, production limits, operational limits or other terms and conditions necessary to ensure
practicable enforceability of the MACT emission limitation.

(i) Compliance certifications, testing, monitoring, reporting and recordkeeping requirements that are
consistent with requirements established pursuant to title V and paragraph (h) of this section.

(iii) Compliance dates by which the owner or operator must be in compliance with the MACT emission
limitation and all other applicable terms and conditions of the permit.

(A) The owner or operator of an affected source subject to the requirements of this subpart must comply with
the emission limitation(s) by the date established in the source’s title V permit. In no case shall such
compliance date be later than 3 years after the issuance of the permit for that source, except where the
permitting authority issues a permit that grants an additional year to comply in accordance with section
112(i)(3)(B) of the Act, or unless otherwise specified in section 112(i), or in subpart D of this part.

(B) The owner or operator of a new affected source, as defined in the title V permit meeting the
requirements of section 112(j), that is subject to the requirements of this subpart must comply with a new
source MACT level of control immediately upon startup of the new affected source. '

(g) Permit issuance dates. The permitting authority must issue a title V permit meeting section 112(j)
requirements within 18 months after submittal of the complete Part 2 MACT application.

(h) Enhanced monitoring. In accordance with section 114(a)(3) of the Act, monitoring shall be capable of
demonstrating continuous compliance for each compliance period during the applicable reporting period.
Such monitoring data shall be of sufficient quality to be used as a basis for directly enforcing all applicable
requirements established under this subpart, including emission limitations.

(i) MACT emission limitations. (1) The owner or operator of affected sources subject to paragraphs (a), (b),
and (c) of this section must comply with all requirements of this subpart that are applicable to affected

sources, including the compliance date for affected sources established in paragraph (f)(2)(iii)(A) of this
section.

(2) The owner or operator of new affected sources subject to paragraph (c)(1) of this section must comply
with all requirements of this subpart that are applicable to new affected sources, including the compiiance
date for new affected sources established in paragraph (f)(2)(iii)(B) of this section.

[67 FR 16606, Apr. 5, 2002; 68 FR 32602, May 30, 2003
§ 63.53 Application content for case-by-case MACT determinations.

(a) Part 1 MACT application. The Part 1 application for a MACT determination must contain the information
in paragraphs (a)(1) through (4) of this section.

(1) The name and address (physical location) of the major source.

(2) A brief description of the major source and an identification of the relevant source category.



(3) An identification of the types of emission points belonging to the relevant source category.
(4) An identification of any affected sources for which a section 112(g) MACT determination has been made.

(b) Part 2 MACT application. (1) In compiling a Part 2 MACT application, the owner or operator may cross-
reference specific information in any prior submission by the owner or operator to the permitting authority,
but in cross-referencing such information the owner or operator may not presume favorable action on any
prior application or request which is still pending. In compiling a Part 2 MACT application, the owner or
operator may also cross-reference any part of a standard proposed by the Administrator pursuant to section
112(d) or 112(h) of the Act for any category or subcategory which includes sources to which the Part 2
application applies.

(2) The Part 2 appiication for a MACT determination must contain the information in paragraphs (b)(2)(i)
through (b)(2)(v) of this section. :

(i) For a new affected source, the anticipated date of startup of operation.

(i) Each emission point or group of emission points at the affected source which is part of a category or
subcategory for which a Part 2 MACT application is required, and each of the hazardous air pollutants
emitted at those emission points. When the Administrator has proposed a standard pursuant to section

- 112(d) or 112(h) of the Act for a category or subcategory, such information may be limited to those emission
points and hazardous air pollutants which would be subject to control under the proposed standard.

(iiiy Any existing Federal, State, or local limitations or requirements governing emissions of hazardous air
pollutants from those emission points which are part of a category or subcategory for which a Part 2
application is required.

(iv) For each identified emission point or group of affected emission points, an identification of control
technology in place.

(v) Any additional emission data or other information specifically requested by the permitting authority.

(3) The Part 2 application for a MACT determination may, but is not required to, contain the following
information: '

(i) Recommended emission limitations for the affected source and support information consistent with
§63.52(f). The owner or operator may recommend a specific design, equipment, work practice, or
operational standard, or combination thereof, as an emission limitation.

(ii) A description of the control technologies that would be applied to meet the emission limitation inciuding
technical information on the design, operation, size, estimated control efficiency and any other information
deemed appropriate by the permitting authority, and identification of the affected sources to which the
control technologies must be applied.

(iiiy Relevant parameters to be monitored and frequency of monitoring to demonstrate continuous
compliance with the MACT emission limitation over the applicable reporting period.

[67 FR 16609, Apr. 5, 2002, as amended at 68 FR 32602, May 30, 2003]
§63.54 Preconstruction review procedures for new affected sources.

The requirements of this section apply to an owner or operator who constructs a new affected source
subject to §63.52(c)(1). The purpose of this section is to describe alternative review processes that the
permitting authority may use to make a MACT determination for the new affected source.



(a) Review process for new affected sources. (1) If the permitting authority requires an owner or operator to
obtain or revise a title V permit before construction of the new affected source, or when the owner or
operator chooses to obtain or revise a title V permit before construction, the owner or operator must follow

the procedures established under the applicable title V permit program before construction of the new
affected source.

(2) If an owner or operator is not required to obtain or revise a titie V permit before construction of the new
affected source (and has not elected to do so), but the new affected source is covered by any
preconstruction or preoperation review requirements established pursuant to section 112(g) of the Act, then
the owner or operator must comply with those requirements in order to ensure that the requirements of
section 112(j) and (g) are satisfied. If the new affected source is not covered by section 112(g), the
permitting authority, in its discretion, may issue a Notice of MACT Approval, or the equivalent, in accordance
with the procedures set forth in paragraphs (b) through (f) of this section, or an equivalent permit review
process, before construction or operation of the new affected source.

(3) Regardiess of the review process, the MACT determination shall be consistent with the principles
established in §63.55. The application for a Notice of MACT Approval or a title V permit, permit modification,
or administrative amendment, whichever is applicable, shall include the documentation required by §63.53.

{b) Optional administrative procedures for preconstruction or preoperation review for new affected sources.
The permitting authority may provide for an enhanced review of section 112(j) MACT determinations for
review procedures and compliance requirements equivalent to those set forth in paragraphs (b) through (f)
of this section.

(1) The permitting authority will notify the owner or operator in writing as to whether the application for a
MACT determination is complete or whether additional information is required.

(2) The permitting authority will approve an applicant's proposed control technology, or the permitting
authority will notify the owner or operator in writing of its intention to disapprove a control technology.

(3) The owner or operator may present in writing, within a time frame specified by the permitting authority,
additional information, considerations, or amendments to the application before the permitting authority's
issuance of a final disapproval.

(4) The permitting authority will issue a preliminary approval or issue a disapproval of the application, taking
into account additional information received from the owner or operator.

(5) A determination to disapprove any application will be in wrifing and will specify the grounds on which the
disapproval is based.

(6) Approval of an applicant's proposed control technology must be set forth in a Notice of MACT Approval
(or the equivalent) as described in §63.52(f).

(c) Opportunity for public comment on Notice of MACT Approval. The permitting authority will provide
opportunity for public comment on the preliminary Notice of MACT Approval prior to issuance, mcludlng ata
minimum, .

(1) Availability for public inspection in at least one location in the area affected of the information submitted
by the owner or operator and of the permitting authority's tentative determination,;

(2) A period for submittal of public comment of at least 30 days; and

(3) A notice.by prominent advertisement in the area affected of the location of the source information and
analysis specified in §63.52(f). The form and content of the notice must be substantlally equivalent to that
. found in §70.7 of this chapter.



(4) An opportunity for a public hearing, if one is requested. The permitting authority will give at least 30 days
notice in advance of any hearing.

(d) Review by the EPA and affected States. The permitting authority must send copies of the preliminary
notice (in time for comment) and final notice required by paragraph (c) of this section to the Administrator
through the appropriate Regional Office, and to all other State and local air pollution control agencies having
jurisdiction in affected States. The permitting authority must provide EPA with a review period for the final
notice of at least 45 days and shall not issue a final Notice of MACT Approval until EPA objections are
satisfied.

(e) Compliance with MACT determinations. An owner or operator of a major source that is subject to a
MACT determination must comply with notification, operation and maintenance, performance testing,
monitoring, reporting, and recordkeeping requirements established under §63.52(h), under title V, and at the
discretion of the permitting authority, under subpart A of this part. The permitting authority must provide the
EPA with the opportunity to review compliance requirements for consistency with requirements established
pursuant to title V during the review period under paragraph (d) of this section.

() Equivalency under section 112(l). If a permitting authority requires preconstruction review for new source
MACT determinations under this subpart, such requirement shall not necessitate a determination under
subpart E of this part.

[59 FR 26449, May 20, 1994, as amended at 87 FR 16610, Apr. 5, 2002]

§ 63.55 Maximum achievable control technology (MACT) determinations for affected
sources subject to case-by-case determination of equivalent emission limitations.

(a) Requirements for permitting authorities. The permitting authority must determine whether the §63.53(a)
Part 1 and §63.53(b) Part 2 MACT application is complete or an application for a Notice of MACT Approval
is approvable. In either case, when the application is complete or approvable, the permitting authority must
establish hazardous air pollutant emissions limitations equivalent to the limitations that would apply if an
emission standard had been issued in a timely manner under section 112(d) or (h) of the Act. The permitting
authority must establish these emissions limitations consistent with the following requirements and
principles:

(1) Emission limitations must be established for the equipment and activities within the affected sources
within a source category or subcategory for which the section 112(j) deadline has passed.

(2) Each emission limitation for an existing affected source must refiect the maximum degree of reduction in
emissions of hazardous air pollutants (including a prohibition on such emissions, where achievable) that the
permitting authority, taking into consideration the cost of achieving such emission reduction and any non-air
quality health and environmental impacts and energy requirements, determines is achievable by affected
sources in the category or subcategory for which the section 112(j) deadline has passed. This limitation
must not be less stringent than the MACT floor which must be established by the permitting authority
according to the requirements of section 112(d)(3)(A) and (B) and must be based upon available
information.

(3) Each emission limitation for a new affected source must reflect the maximum degree of reduction in
emissions of hazardous air pollutants (including a prohibition on such emissions, where achievabie) that the
permitting authority, taking into consideration the cost of achieving such emission reduction and any non-air
quality health and environmental impacts and energy requirements, determines is achievabie. This limitation
must not be less stringent than the emission limitation achieved in practice by the best controlled similar
source which must be established by the permitting authority according to the requirements of section
112(d)(3). This limitation must be based upon available information.

(4) The permitting authority must select a specific design, equipment, work practice, or operational standard,
or combination thereof, when it is not feasible to prescribe or enforce an equivalent emission limitation due
to the nature of the process or pollutant. It is not feasible to prescribe or enforce a limitation when the
Administrator determines that hazardous air pollutants cannot be emitted through a conveyance designed




and constructed to capture such pollutant, or that any requirement for, or use of, such a conveyance wouid
be inconsistent with any Federal, State, or local law, or the application of measurement methodology to a
particular class of sources is not practicable due to technological and economic limitations.

(_5) Nothing in this subpart shall prevent a State or local permitting authority from establishing an emission
limitation more stringent than required by Federal regulations.

(b) Reporting to EPA. The owner or operator must submit additional copies of its Part 1 and Part 2 MACT
application for a title V permit, permit revision, or Notice of MACT Approval, whichever is applicable, to the
EPA at the same time the material is submitted to the permitting authority.

[67 FR 16610, Apr. 5, 2002]

§ 63.56 Requirements for case-by-case determination of equivalent emission limitations
after promulgation of subsequent MACT standard.

(a) If the Administrator promulgates a relevant emission standard that is applicable to one or more affected
sources within a major source before the date a permit application under this paragraph (a) is approved, the
title V permit must contain the promulgated standard rather than the emission limitation determined under
§63.52, and the owner or operator must comply with the promulgated standard by the compliance date in
the promulgated standard.

(b) If the Administrator promuigates a relevant emission standard under section 112(d) or (h) of the Act that
is applicable to a source after the date a permit is issued pursuant to §63.52 or §63.54, the permitting
authority must incorporate requirements of that standard in the title V permit upon its next renewal. The
permitting authority must establish a compliance date in the revised permit that assures that the owner or
operator must comply with the promulgated standard within a reasonable time, but not longer than 8 years
after such standard is promulgated or 8 years after the date by which the owner or operator was first
required to comply with the emission limitation established by the permit, whichever is earlier. However, in
no event shall the period for compliance for existing sources be shorter than that provided for existing
sources in the promulgated standard.

(c) Notwithstanding the requirements of paragraph (a) or (b) of this section, the requirements of paragraphs
(c)(1) and (2) of this section shall apply.

(1) If the Administrator promulgates an emission standard under section 112(d) or (h) that is applicable to an
affected source after the date a permit application under this paragraph is approved under §63.52 or §63.54,
the permitting authority is not required to change the emission limitation in the permit to reflect the
promulgated standard if the permitting authority determines that the level of control required by the emission
limitation in the permit is substantially as effective as that required by the promulgated standard pursuant to
§63.1(e).

(2) If the Administrator promulgates an emission standard under section 112(d) or (h) of the Act that is
applicable to an affected source after the date a permit application is approved under §63.52 or §63.54, and .
the leve! of control required by the promulgated standard is less stringent than the level of control required
by any emission limitation in the prior MACT determination, the permitting authority is not required to
incorporate any less stringent emission limitation of the promulgated standard in the title V permit and may
in its discretion consider any more stringent provisions of the MACT determination to be applicable legal
requirements when issuing or revising such a title V permit.

Table 1 to Subpart B of Part 63—Section112(j)Part 2 Application Due Dates

Due
date MACT standard

10/30/03 |Combustion Turbines.




Lime Manufacturing.

Site Remediation.

Iron and Steel Foundries.
Taconite Iron Ore Processing.

Miscellaneous Organic Chemical Manufacturing (MON).'

Organic Liquids Distribution.

Primary Magnesium Refining.

Metal Can (Surface Coating).

Plastic Parts and Products (Surface Coating).

Chlorine Production.

Miscellaneous Metal Parts and Products (Surface Coating) (and Asphalt/Coal

bl
<

Tar Application—Metal Pipes)

4/28/04 (Industrial Boilers, Institutional/Commercial Boilers and Process Heaters.’
Plywood and Composite Wood Products.

Reciprocating Internal Combustion Engines.”*

Auto and Light-Duty Truck (Surface Coating).

11/14/05 [Industrial Boilers, Institutional/Commercial Boilers, and Process Heaters.
Hydrochloric Acid Production.®

'Covers 23 source categories, see Table 2 to this subpart.
*Two source categories.

®Includes all sources in the three categories, Industrial Boilers, Institutional/Commercial Boilers, and Process
Heaters that burn no hazardous waste.

“Includes engines greater than 500 brake horsepower.

*Includes all sources in the three categories, Industrial Boilers, Institutional/Commercial Boilers, and Process
Heaters that burn hazardous waste.

®Includes fumaces that produce acid from hazardous waste at sources in the category Hydrochloric Acid
Production.

[68 FR 32603, May 30, 2003, as amended at 70 FR 39664, July 11, 2005]
Table 2 to Subpart B of Part 63—MON Source Categbries
Manufacture of Paints, Coatings, and Adhesives.

Alkyd Resins Production.

Maleic Anhydride Copolymers Production.

Polyester Resins Production.

Polymerized Vinylidene Chioride Production.



Polymethyl Methacrylate Resins Production.
Polyvinyl Acetate Emulsions Production.
Polyvinyl Alcohol Production.

Polyvinyl Butyral Production.

Ammonium Sulfate Production-Caprolactam By-Product Plants.
Quaternary Ammonium Compounds Production.
Benzyltrimethylammonium Chloride Production.
Carbony! Sulfide Production.

Chelating Agents Production.

Chilorinated Paraffins Production.

Ethylidene Norbornene Production.

Explosives Production.

Hydrazine Producticzn.

OBPA/1,3-Diisocyanate Production.
Photographic Chemicals Production.

Phthalate Plasticizers Production.

Rubber Chemicais Manufacturing.

Symmetrical Te‘etrachloropyridine Production.

[68 FR 32603, May 30, 2003]



Subpart Da—Standards of Performance for
Electric Utility Steam Generating Units for Which
Construction is Commenced After September 18,
1978

Source: 72 FR 32722, June 13, 2007, uniess
otherwise noted.

§ 60.40Da Applicability and designation of
affected facility.

(a) The affected facility to which this subpart applies is each
electric utility steam generating unit:

(1) That is capable of combusting more than 73 megawatts (MW)
(250 million British thermal units per hour (MMBtu/hr) heat input of
fossil fuel (either alone or in combination with any other fuel); and

(2) For which construction, modification, or reconstruction is
commenced after September 18, 1978.

(b) Combined cycle gas turbines (both the stationary combustion
turbine and any associated duct burners) are subject to this part
and not subject to subpart GG or KKKK of this part if:

(1) The combined cycle gas turbine is capable of combusting
more than 73 MW (250 MMBtu/hr) heat input of fossil fuel (either
alone or in combination with any other fuel); and

(2) The combined cycle gas turbine is designed and intended to
burn fuels containing 50 percent (by heat input) or more solid-
derived fuel not meeting the definition of natural gas on a 12-
month rolling average basis; and

(3) The combined cycle gas turbine commenced construction,
madification, or reconstruction after February 28, 2005.

(4) This subpart will continue to apply to all other electric utility
combined cycle gas turbines that are capable of combusting more
than 73 MW (250 MMBtu/hr) heat input of fossil fuel in the heat
recovery steam generator. if the heat recovery steam generator is
subject to this subpart and the stationary combustion turbine is
subject to either subpart GG or KKKK of this part, only emissions
resulting from combustion of fuels in the steam-generating unit
are subject to this subpart. (The stationary combustion turbine
emissions are subject to subpart GG or KKKK, as applicable. of
this part).

(c) Any change to an existing fossil-fuel-fired steam generating
unit to accommodate the use of combustible materials, other than
fossil fuels, shail not bring that unit under the applicability of this
subpart.

(d) Any change to an existing steam generating unit originally
designed to fire gaseous or liquid fossil fuels, to accommodate the
use of any other fuel (fossi! or nonfossil) shall not bring that unit
under the applicability of this subpart.

§ 60.41Da Definitions.

As used in this subpart, all terms not defined herein shall have the
meaning given them in the Act and in subpart A of this part.

Anthracite means coal that is classified as anthracite according to
the American Society of Testing and Materials in ASTM D388
(incorporated by reference, see §60.17).

Available purchase power means the lesser of the following:
(a) The sum of available system capacity in all neighboring companies.

(b) The sum of the rated capacities of the power interconnection
devices between the principal company and all neighboring
companies, minus the sum of the electric power load on these
interconnections.

(c) The rated capacity of the power transmission lines between the
power interconnection devices and the electric generating units (the
unit in the principal company that has the malfunctioning flue gas
desulfurization system and the unit(s) in the neighboring company
supplying repfacement electrical power) less the electric power foad on
these transmission lines.

Available system capacity means the capacity determined by
subtracting the system load and the system emergency reserves from
the net system capacity.

Biomass means plant materials and animal waste.

Bituminous coal means coal that is classified as bituminous according
to the American Society of Testing and Materials in ASTM D388
(incorporated by reference, see §60.17).

Boiler operating day for units constructed, reconstructed, or modified
on or before February 28, 2005, means a 24-hour period during which
fossil fuel is combusted in a steam-generating unit for the entire 24
hours. For units constructed, reconstructed, or modified after February
28, 2005, boiler operating day means a 24-hour period between 12
midnight and the following midnight during which any fuel is combusted
at any time in the steam-generating unit. It is not necessary for fuel to
be combusted the entire 24-hour period.

Coal means ali solid fuels classified as anthracite, bituminous,
subbituminous, or lignite by the American Society of Testing and
Materials in ASTM D388 (incorporated by reference, see §60.17) and
coal refuse. Synthetic fuels derived from coal for the purpose of
creating useful heat, including but not limited to solvent-refined coal,
gasified coal (not meeting the definition of natural gas), coal-oil
mixtures, and coal-water mixtures are included in this definition for the
purposes of this subpart. ’

Coal-fired electric utility steam generating unit means an electric utility
steam generating unit that burns coal, coal refuse, or a synthetic gas
derived from coal either exclusively, in any combination together, or in
any combination with other fuels in any amount.

Coal refuse means waste products of coal mining, physical coal
cleaning, and coal preparation operations ( e.g. culm, gob, etc.)

" containing coal, matrix material, clay, and other organic and inorganic

material.

Cogeneration, also known as “combined heat and power,” means a
steam-generating unit that simultaneously produces both electric (or
mechanical) and useful thermal energy from the same primary energy
source.

Combined cycle gas turbine means a stationary turbine combustion
system where heat from the turbine exhaust gases is recovered by a
steam generating unit.

Dry flue gas desulfurization technology or dry FGD means a sulfur
dioxide control system that is located downstream of the steam
generating unit and removes sulfur oxides (SO;) from the combustion
gases of the steam generating unit by contacting the combustion
gases with an alkaline reagent and water, whether introduced
separately or as a premixed sfurry or solution and forming a dry
powder material. This definition includes devices where the dry powder
material is subsequently converted to another form. Alkaline slurries or



solutions used in dry FGD technology include, but are not timited
to, lime and sodium.

Duct burner means a device that combusts fuel and that is placed
in the exhaust duct from another source, such as a stationary gas
turbine, internal combustion engine, kiln, etc., to allow the firing of
additional fuel to heat the exhaust gases before the exhaust
gases enter a heat recovery steam generating unit.

Electric utility combined cycle gas turbine means any combined
cycle gas turbine used for electric generation that is constructed
for the purpose of supplying more than one-third of its potential
electric output capacity and more than 25 MW net-electrical
output to any utility power distribution system for sale. Any steam
distribution system that is constructed for the purpose of providing
steam to a steam electric generator that would produce electrical
power for sale is also cansidered in determining the electrical
energy output capacity of the affected facility.

Electric utility company means the largest interconnected
organization, business, or governmental entity that generates
electric power for sale ( e.g. , a holding company with operating
subsidiary companies)

Electric utility steam-generating unit means any steam electric
generating unit that is constructed for the purpose of supplying
more than one-third of its potential electric output capacity and

" more than 25 MW net-electrical oufput to any utility power
distribution system for sale. Also, any steam supplied to a steam
distribution system for the purpose of providing steam to a steam-
electric generator that would produce electrical energy for sale is
considered in determining the electrical energy output capacity of
the affected facility. ’ ’

Electrostatic precipitator or ESP means an add-on air pollution
control device used to capture particulate matter (PM) by charging
the particles- using an electrostatic field, collecting the particles
using a grounded collecting surface, and transporting the particles
into a hopper.

Emergency condition means that period of time when:

(1) The electric generation output of an affected facility with a
malfunctioning fiue gas desulfurization system cannot be reduced
or electrical output must be increased because:

(i) All available system capacity in the principal company
interconnected with the affected facility is being operated, and

(ii) All available purchase power interconnected with the affected
facility is being obtained, or

(2) The electric generation demand is being shifted as quickly as
possible from an affected facility with a malfunctioning flue gas
desulfurization system to one or more electrical generating units
held in reserve by the principal company or by a neighboring
company, or

(3) An affected facility with a malfunctioning flue gas
desulfurization system becomes the only available unit to
maintain a part or all of the principal company's system
emergency reserves and the unit is operated in spinning reserve
at the lowest practical electric generation load consistent with not
causing significant physical damage to the unit. If the unit is
operated at a higher load to meet load demand, an emergency
condition would not exist unless the conditions under paragraph
(1) of this definition apply.

Emission limitation means any emissions limit or operating limit.

Emission rate period means any calendar month included in a 12-
month rolling average period.

Federally enforceable means all limitations and conditions that are
enforceable by the Administrator, including the requirements of 40
CFR parts 60 and 61, requirements within any applicable State
implementation plan, and any permit requirements established under
40 CFR 52.21 or under 40 CFR 51.18 and 51.24.

Fossil fuel means natural gas, petroleum, coal, and any form of solid,
liquid, or gaseous fuel derived from such material for the purpose of
creating useful heat.

Gaseous fuel means any fuel derived from coal or petroleum that is
present as a gas at standard conditions and includes, but is not limited
to, refinery fuel gas, process gas, coke-oven gas, synthetic gas, and
gasified coal.

Gross output means the gross useful work performed by the steam
generated and, for an IGCC electric utility steam generating unit, the
fuel burned in stationary combustion turbines. For a unit generating
only electricity, the gross useful work performed is the gross electrical
output from the unit's turbine/generator sets. For a cogeneration unit,
the gross useful work performed is the gross electrical or mechanical
output plus 75 percent of the useful thermal output measured relative
to ISO conditions that is not used to generate additional electrical or
mechanical output (i.e., steam delivered to an industrial process).

24-hour period means the period of time between 12:01 a.m. and
12:00 midnight.

Integrated gasification combined cycle electric utility steam generating
unit or IGCC electric utility steam generating unit means a coal-fired
electric utility steam generating unit that burns a synthetic gas derived
from coal in a combined-cycle gas turbine. No coal is directly burned in
the unit during operation.

Interconnected means that two or more electric generating units are
electrically tied together by a network of power transmission lines, and
other power transmission equipment.

ISO conditions means a temperature of 288 Kelvin, a relative humidity
of 60 percent, and a pressure of 101.3 kilopascals.

Lignite means coal that is classified as lignite A or B according to the
American Society of Testing and Materials in ASTM D388
(incorporated by reference, see §60.17).

Natural gas means:

(1) A naturally occurring mixture of hydrocarbon and nonhydrocarbon
gases found in geologic formations beneath the earth’s surface, of
which the principal constituent is methane; or

(2) Liquid petroleum gas, as defined by the American Society of
Testing and Materials in ASTM D1835 (incorporated by reference, see
§60.17); or

(3) A mixture of hydrocarbons that maintains a gaseous state at ISO
conditions. Additionally, natural gas must either be composed of at
least 70 percent methane by volume or have a gross calorific value
between 34 and 43 megajoules (MJ) per standard cubic meter (910
and 1,150 Btu per standard cubic foot).

Neighboring company means any one of those electric utility
companies with one or more electric power interconnections to the
principal company and which have geographically adjoining service
areas.



Net-electric output means the gross electric saies to the utility
power distribution system minus purchased power on a calendar
year basis.

Net system capacity means the sum of the net electric generating
capability (not necessarily equal to rated capacity) of alt electric
generating equipment owned by an electric utility company
(including steam generating units, internai combustion engines,
gas turbines. nuclear units, hydroelectric units, and all other
electric generating equipment) plus firm contractual purchases
that are interconnected to the affected facility that has the
malfunctioning flue gas desulfurization system. The electric
generating capability of equipment under muitiple ownership is
prorated based on ownership uniess the proportional entitlement
to electric output is otherwise estabiished by contractual
arrangement.

Noncontinental area means the State of Hawaii, the Virgin
Islands, Guam, American Samoa, the Commonweaith of Puerto
Rico, or the Northern Mariana Islands.

Petroleum means crude oil or petroleum or a fuel derived from
crude oil or petroleum, including. but not limited to, distillate oit,
residual oil, and petroleum coke.

Potential combustion concentration means the theoretical
emissions (nanograms per joule (ng/J), Ib/MMBtu heat input) that
would result from combustion of a fuel in an uncleaned state
without emission control systems) and:

(1) For particulate matter (PM) is:

(i) 3,000 ng/J (7.0 Ib/MMBtu) heat input for solid fuel; and

(i) 73 ng/J (0.17 Ib/MMBtu) heat input for liquid fuels.

(2) For sulfur dioxide (SO,) is determined under §60.50Da(c). _
(3) For nitrogen oxides (NOy) is:

(i) 290 ng/J (0.67 Ib/MMBtu) heat input f.or gaseous fuels;

(ii) 310 ng/J (0.72 Ib/MMBtu) heat input for liquid fuels; and

(iii) 990 ng/J (2.30 Ib/MMBtu) heat input for solid fuels.

Potential electrical output capacity means 33 percent of the

maximum design heat input capacity of the steam generating unit,

divided by 3,413 Btu/KWh, divided by 1,000 kWh/MWh, and
multiplied by 8,760 hr/yr { e.g. , a steam generating unit with a
100 MW (340 MMBtu/hr) fossil-fuel heat input capacity would
have a 289,080 MWh 12 month potential electrical output
capacity). For electric utility combined cycle gas turbines the
potential electrical output capacity is determined on the basis of
the fossil-fuel firing capacity of the steam generator exclusive of

the heat input and electrical power contribution by the gas turbine.

Principal company means the electric utility company or
companies which own the affected facility.

Resource recovery unit means a facility that combusts more than
75 percent non-fossil fuel on a quarterly (calendar) heat input
basis.

.Responsible official means responsible official as defined in 40
CFR 70.2.

Solid-derived fuel means any solid, liquid, or gaseous fuel derived from
solid fuel for the purpose of creating useful heat and includes, but is
not limited to, solvent refined coal, liquified coal, synthetic gas, gasified
coal, gasified petroleum coke, gasified biomass, and gasified tire
derived fuel.

Spare flue gas desulfurization system module means a separate
system of SO,emission control equipment capable of treating an
amount of flue gas equal to the total amount of flue gas generated by
an affected facility when operated at maximum capacity divided by the
total number of nonspare flue gas desuifurization modules in the
system.

Spinning reserve means the sum of the unutilized net generating
capability of afl units of the electric utility company that are
synchronized to the power distribution system and that are capable of
immediately accepting additional load. The electric generating
capability of equipment under multiple ownership is prorated based on
ownership unless the proportional entitiement to electric output is
otherwise established by contractual arrangement.

Steam generating unit means any furnace, boiler, or other device used
for combusting fuel for the purpose of producing steam (including
fossil-fuel-fired steam generators associated with combined cycle gas
turbines; nuclear steam generators are not included).

Subbituminous coal means coal that is classified as subbituminous A,
B, or C according to the American Society of Testing and Materials in
ASTM D388 (incorparated by reference, see §60.17).

. System emergency reserves means an amount of electric generating

capacity equivalent to the rated capacity of the single largest electric
generating unit in the eiectric utility company (including steam
generating units, internal combustion engines, gas turbines, nuclear
units, hydroelectric units, and all other electric generating equipment)
which is interconnected with the affected facility that has the
malfunctioning flue gas desulfurization system. The electric generating
capability of equipment under multiple ownership is prorated based on
ownership unless the proportional entitiement to electric output is
otherwise established by contractual arrangement.

System load means the entire electric demand of an electric utility
company's service area interconnected with the affected facility that
has the malfunctioning flue gas desulfurization system plus firm
contractual sales to other electric utility companies. Sales to other
electric utility companies ( e.g. , emergency power) not on a firm
contractual basis may also be included in the system load when no
available system capacity exists in the electric utility company to which
the power is supplied for sale.

Wet flue gas desulfurization technology or wet FGD means a
S0;control system that is located downstream of the steam generating
unit and removes sulfur oxides from the combustion gases of the
steam generating unit by contacting the combustion gases with an
alkaline slurry or solution and forming a liquid material. This definition
applies to devices where the aqueous liquid material product of this
contact is subsequently converted to other forms. Alkaiine reagents
used in wet FGD technology include, but are not iimited to, lime,
limestone, and sodium. ‘

§ 60.42Da Standard for particulate matter (PM).

(a) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator subject to the provisions of this
subpart shall cause to be discharged into the atmosphere from any
affected facility for which construction, reconstruction, or modification
commenced before or on February 28, 2005, any gases that contain
PM in-excess of: o e - :

(1) 13 ng/J (0.03 Ib/MMBtu) heat input derived from the combustion of
solid, liquid, or gaseous fuel;



(2) 1 percent of the potential combustion concentration (99
percent reduction) when combusting solid fuel; and

(3) 30 percent of potential combustion concentration (70 percent
reduction) when combusting liquid fuel.

(b) On and after the date the initia) PM performance test is
completed or required to be completed under §60.8, whichever
date comes first, no owner or operator subject to the provisions of
this subpart shall cause to be discharged into the atmosphere
from any affected facility any gases which exhibit greater than 20
percent opacity (6-minute average), except for one 6-minute
period per hour of not more than 27 percent opacity.

(c) Except as provided in paragraph (d) of this section, on and
after the date on which the initial performance test is completed or
required to be completed under §60.8, whichever date comes
first, no owner or operator of an affected facility that commenced
construction, reconstruction, or modification after February 28,
2005 shall cause to be discharged into the atmosphere from that
affected facility any gases that contain PM in excess of either:

(1) 18 ng/J (0.14 Ib/MWh) gross energy output; or

(2) 6.4 ng/J (0.015 Ib/MMBtu) heat input derived from the
combustion of solid, fiquid, or gaseous fuel.

(d) As an alternative to meeting the requirements of paragraph (c)
of this section, the owner or operator of an affected facility for
which construction, reconstruction, or modification commenced
after February 28, 2005, may elect to meet the requirements of
this paragraph. On and after the date on which the initial
performance test is completed or required to be completed under
§60.8, whichever date comes first, no owner or operator of an
affected facility shall cause to be discharged into the atmosphere
from that affected facility for which construction, reconstruction, or
modification commenced after February 28, 2005, any gases that
contain PM in excess of:

(1) 13 ng/J (0.03 Ib/MMBLu) heat input derived from the
combustion of solid, liquid, or gaseous fuel, and

(2) 0.1 percent of the combustion concentration determined
according to the procedure in §60.48Da(o)(5) (99.9 percent
reduction) for an affected facility for which construction or
reconstruction commenced after February 28, 2005 when
combusting solid, liquid, or gaseous fuel, or

(3) 0.2 percent of the combustion concentration determined
according to the procedure in §60.48Da(0)(5) (99.8 percent
reduction) for an affected facility for which modification
commenced after February 28, 2005 when combusting solid,
liquid, or gaseous fuel. .

§ 60.43Da Standard for sulfur dioxide (SO2).

(a) On and after the date on which the initial performance test is

- completed or required to be completed under §60.8, whichever
date comes first, no owner or operator subject to the provisions of
this subpart shall cause to be discharged into the atmosphere
from any affected facility which combusts solid fuel or solid-
derived fuel and for which construction, reconstruction, or
modification commenced before or on February 28, 2005, except
as provided under paragraphs (c), (d), (f) or (h) of this section,
any gases that contain SO,in excess of:

(1) 520 ng/J (1.20 Ib/MMBLu) heat input and 10 percent of the
potential combustion concentration (90 percent reduction); or

(2) 30 percent of the potential combustion concentration (70 percent
reduction), when emissions are less than 260 ng/J (0.60 Ib/MMBtu)
heat input.

(b) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator subject to the provisions of this
subpart shall cause to be discharged into the atmosphere from any
affected facility which combusts liquid or gaseous fuels (except for
liquid or gaseous fuels derived from solid fuels and as provided under
paragraphs (e) or (h) of this section) and for which construction,
reconstruction, or modification commenced before or on February 28,
2005, any gases that contain SO,in excess of:

(1) 340 ng/J (0.80 Ib/MMBtu) heat input and 10 percent of the potential
combustion concentration (90 percent reduction); or

(2) 100 percent of the potential combustion concentration (zero percent
reduction) when emissions are less than 86 ng/J (0.20 ib/MMBtu) heat
input.

(c) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator subject to the provisions of this
subpart shall cause to be discharged into the atmosphere from any
affected facility which combusts solid solvent refined coal (SRC-I) any
gases that contain SO.in excess of 520 ng/J (1.20 Ib/MMBtu) heat
input and 15 percent of the potential combustion concentration (85
percent reduction) except as provided under paragraph (f) of this
section; compliance with the emission limitation is determined on a 30-
day rolling average basis and compliance with the percent reduction
requirement is determined on a 24-hour basis.

(d) Suffur dioxide emissions are limited to 520 ngiJ‘.(‘l 20 Ib/MMBtu)
heat input from any affected facility which:

(1) Combusts 100 percent anthracite;
(2) Is classified as a resource recovery unit; or

(3) Is located in a noncontinental area and combusts solid fuel or solid-
derived fuel.

(e) Sulfur dioxide emissions are limited to 340 ng/J '(0.80 Ib/MMBtu)
heat input from any affected facility which is located in a noncontinental
area and combusts liquid or gaseous fuels (excluding solid-derived
fuels).

(f) The emission reduction requirements under this section do not
apply to any affected facility that is operated under an SO,commercial
demonstration permit issued by the Administrator in accordance with
the provisions of §60.47Da.

(g) Compliance with the emission limitation and percent reduction
requirements under this section are both determined on a 30-day
rolling average basis except as provided under paragraph (c) of this
section.

(h) When different fuels are combusted simultaneously, the applicable
standard is determined by proration using the following formula:

(1) If emissions of SO,to the atmosphere are greater than 260 ng/J
(0.60 Ib/MMBLtu) heat input

E, (340"_1_._505203') and %P, =10

(2) If emissions of SO,to the atmosphere are equal to or less than 260
ng/J (0.60 Ib/MMBtu) heat input:
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Where:
E.= Prorated SO.emission limit (ng/J heat input);
%Ps= Percentage of potential SO,emission allowed;

x = Percentage of total heat input derived from the combustion of
liquid or gaseous fuels (excluding solid-derived fuels), and

y = Percentage of total heat input derived from the combustion of
solid fuef (including solid-derived fuels).

(i) Except as provided in paragraphs {j) and (k) of this section, on
and after the date on which the initial performance test is
compieted or required to be completed under §60.8, whichever
date comes first, no owner or operator of an affected facility that
commenced construction, reconstruction, or modification
commenced after February 28, 2005 shall cause to be discharged
into the atmosphere frorn that affected facility, any gases that
contain SO,in excess of the applicable emission limitation
specified in paragraphs (i)(1) through (3) of this section.

(1) For an affected facility for which construction commenced after
February 28, 2005, any gases that contain SO,in excess of either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day roiling
average basis; or

(ii) 5 percent of the potential combustion concentration (95
percent reduction) on a 30-day rolling average basis.

(2) For an affected facility for which reconstruction commenced '
after February 28, 2005, any gases that contain SOzin excess of
either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis;

(i) 65 ng/J (0.15 1b/MMBtu) heat input on a 30-day rolling average
basis; or

{iii) 5 percent of the potential combustion concentration (95
percent reduction) on a 30-day rolling average basis.

(3) For an affected facility for which modification comme.rlced after
February 28, 2005, any gases that contain SOzin excess of either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis;

(ii) 65 ng/J (0.15 tb/MMBLu) heat input on a 30-day rolling average
basis; or

(iii) 10 percent of the potential combustion concentration (90
percent reduction) on a 30-day rolling average basis.

(i) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever
date comes first, no owner or operator of an affected facility that
commenced construction, reconstruction, or modification
commenced after February 28, 2005, and that burns 75 percent
or more (by heat input) coal refuse on a 12-month rolling average
basis, shall caused to be discharged into the atmosphere from
that affected facility any gases that contain SO.in excess of the

applicable emission limitation specified in paragraphs (j)(1) through (3)

of this section.

(1) For an affected facility for which construction commenced after
February 28, 2005, any gases that contain SO.in excess of either:

(iy 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis; or

(iiy 6 percent of the potential combustion concentration (94 percent
reduction) on a 30-day rolling average basis.

(2) For an affected facility for which reconstruction commenced after
February 28, 2005, any gases that contain SO.in excess of either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis;

(i) 65 ng/J (0.15 Ib/MMBLu) heat input on a 30-day rolling average
basis; or

(iii) 6 percent of the potential combustion concentration (94 percent
reduction) on a 30-day rolling average basis.

(3) For an affected facility for which modification commenced after
February 28, 2005, any gases that contain SO,in excess of either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis;

(i) 65 ng/J (0.15 Ib/MMBLtu) heat input on a 30-day rolling average
basis; or .

(iii) 10 percent of the potential combustion concentration (90 percent
reduction) on a 30-day rolling average basis.

(k) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator of an affected facility located in a
noncontinental area that commenced construction, reconstruction, or
modification commenced after February 28, 2005, shall cause to be
discharged into the atmosphere from that affected facility any gases
that contain SO,in excess of the applicable emission limitation
specified in paragraphs (k)(1) and (2) of this section.

(1) For an affected facility that burns solid or solid-derived fuel, the
owner or operator shall not cause to be discharged into the
atmosphere any gases that contain SOzin excess of 520 ng/J (1.2
Ib/MMBLtu) heat input on a 30-day rolling average basis.

(2) For an affected facility that burns other than solid or solid-derived
fuel, the owner or operator shall not cause to be discharged into the
atmosphere any gases that contain SO;in excess of if the affected
facility or 230 ng/J (0.54 Ib/MMBtu) heat input on a 30-day roliing
average basis.

§ 60.44Da Standard for nitrogen oxides (NOX).

(a) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator subject to the provisions of this
subpart shall cause to be discharged into the atmosphere from any
affected facility, except as provided under paragraphs (b}, (d), (e). and
(f) of this section, any gases that contain NOx(expressed as NO,) in
excess of the following emission limits, based on a 30-day rofiing
average basis, except as provided under §60.48Da(j)(1):

(1) NOxemission limits.



Emission limit
for heat input

Fuel type ng/J| 1b/MMBtu

Gaseous fuels:

Coal-derived fuels 210 0.50

All other fuels 86 0.20
Liquid fuels:

Coal-derived fuels 210 0.50

Shale oil 210 0.50

All other fuels 130 0.30
Solid fuels:

Coal-derived fuels 210 0.50

Any fuel containing more M M

than 25%, by weight, coal

refuse

Any fuel containing more | 340 0.80
.than 25%, by weight, lignite :
if the lignite is mined in
North Dakota, South
Dakota, or Montana, and is
" combusted in aslag tap
furnace’

Any fuel containing more | 260 0.60
than 25%, by weight, lignite
not subject to the 340 ng/J

- heat input emission limit*

'Exempt from NOxstandards and NOxmonitoring requirements.

2Any fuel containing less than 25%, by weight, lignite is not
prorated but its percentage is added to the percentage of the
predominant fuel.

(2) NOxreduction requirement.

Percent reduction of potential
combustion
Fuel type concentration
Gaseous 25
fuels ‘
Liquid fuels 30|
Solid fuels : _ 65|

‘Subbituminous coal : 210 0.50
Bituminous coal | 260] .0.60__ |
Anthracife coal 260 0.60 |
All other fuels 260| 0.60

(b) The emission limitations under paragraph (a) of this section do not
apply to any affected facility which is combusting coal-derived liquid
fuel and is operating under a commercial demonstration permit issued
by the Administrator in accordance with the provisions of §60.47Da.

(c) Except as provided under paragraphs (d), (e}, and (f) of this
section, when two or more fuels are combusted simultaneously, the
applicable standard is determined by proration using the following
formula:

= (6w +130x + 210y + 260z + 340%)
100

Where:

E.= Applicable standard for NOxwhen multiple fuels are combusted
simultaneously (ng/J heat input);

w = Percentage of total heat input derived from the combustion of fuels
subject to the 86 ng/J heat input standara,;

x = Percentage of total heat input derived from the combustion of fuels
subject to the 130 ng/J heat input standard,;

y = Percentage of total heat input derived from the combustion of fuels
subject to the 210 ng/J heat input standard,;

z = Percentage of total heat input derived from the combustion of fuels '
subject to the 260 ng/J heat input standard; and

v= Percentage of total heat input delivered from the combustlon of
fuels subject to the 340 ng/J heat input standard.

(d)(1) On and after the date on which the initial performance test is
completed- or required to be completed under §60.8, whichever date
comes first, no owner or operator of an affected facility that
commenced construction after July 8, 1997, but before or on February
28, 2005 shall cause to be discharged into the atmosphere any gases
that contain NOx(expressed as NO,) in excess of 200 ng/J (1.6
Ib/MWh) gross energy output, based on a 30-day rolling average basis,
except as provided under §60.48Da(k).

(2) On and after the date on which the initial performance test is
completed or required to be completed under §60.8, whichever date
comes first, no owner or operator of affected facility for which
reconstruction commenced after July 9, 1997, but before or on
February 28, 2005 shall cause to be discharged into the atmosphere
any gases that contain NOx(expressed as NOz) in excess of 65 ng/J
(0.15 Ib/MMBUtu) heat input, based on a 30-day roliing average basis.

(e) Except for an IGCC electric utility steam generating unit meeting
the requirements of paragraph (f) of this section, on and after the date
on which the initial performance test is completed or required to be
completed under §60.8, whichever date comes first, no owner or
operator of an affected facility that commenced construction,
reconstruction, or modification after February 28, 2005 shall cause to
be discharged into the atmosphere from that affected facility any gases
that contain NOx(expressed as NO;) in excess of the applicable
emission limitation specified in paragraphs (e)(1) through (3) of this
section.

(1) For an affected facility for which construction commenced after
February 28, 2005, the owner or operator shall not cause to be

discharged into the atmosphere any gases that contain NOx(expressed -
as NO,) in excess of 130 ng/J (1.0 Ib/MWh) gross energy output on a
30-day rolling average basis, except as provided under §60.48Da(k).

(2) For an affected facility for which reconstruction commenced after
February 28, 2005, the owner or operator shall not cause to be



discharged into the atmosphere any gases that contain
NOx(expressed as NO,) in excess of either:

(i) 130 ng/J (1.0 Ib/MWh) gross energy output on a 30-day rolling
average basis, or

(ii) 47 ng/J (0.11 Ib/MMBtu) heat input on a 30-day rolling average
basis.

(3) For an affected facility for which modification commenced after
February 28, 2005, the owner or operator shall not cause to be
discharged into the atmosphere any gases that contain
NOx(expressed as NO;) in excess of either:

(i) 180 ng/J (1.4 Ib/MWh) gross energy output on a 30-day rolling
average basis; or

(i) 65 ng/J (0.15 Ib/MMBLtu) heat input on a 30-day rolling average
basis.

(f) On and after the date on which the initia! performance test is
completed or required to be completed under §60.8, whichever
date comes first, the owner or operator of an IGCC electric utility
steam generating unit subject to the provisions of this subpart and
for which construction, reconstruction, or modification
commenced after February 28, 2005, shall meet the requirements
specified in paragraphs (f)(1) through (3) of this section.

(1) Except as provided for in paragraphs (f)(2) and (3) of this
section, the owner or operator shall not cause to be discharged
into the atmosphere any gases that contain NOx(expressed as
NO,) in excess of 130 ng/J (1.0 Ib/MWh) gross energy output on a
30-day rolling average basis.

(2) When burning liquid fuel exclusively or in combination with
solid-derived fuel such that the liquid fuel contributes 50 percent
or more of the total heat input to the combined cycle combustion
turbine, the owner or operator shall not cause to be discharged
into the atmosphere any gases that contain NOx(expressed as
NQO,) in excess of 190 ng/J (1.5 Ib/MWh) gross energy output on a
30-day rolling average basis.

(3) In cases when during a 30-day rolling average compliance
period liquid fuel is burned in such a manner to meet the
conditions in paragraph (f)(2) of this section for only a portion of
the clock hours in the 30-day period, the owner or operator shall
not cause to be discharged into the atmosphere any gases that
contain NOx(expressed as NO;) in excess of the computed
weighted-average emissions limit based on the proportion of
gross energy output (in MWh) generated during the compliance
period for each of emissions limits in paragraphs (f)(1) and (2) of
this section.

§ 60.45Da Standard for mercury (Hg).

(a) For each coal-fired electric utility steam generating unit other
than an IGCC electric utility steam generating unit, on and after
the date on which the initial performance test is completed or
required to be complieted under §60.8, whichever date comes
first, no owner or operator subject to the provisions of this subpart
shall cause {o be discharged into the atmosphere from any
affected facility for which construction, modification, or
reconstruction commenced after January 30, 2004, any gases
that contain mercury (Hg) emissions in excess of each Hg
emissions fimit in paragraphs (a)(1) through (5) of this section that
applies to you. The Hg emissions limits in paragraphs (a)(1)
through (5) of this section are based on a 12-month rolling
average basis Usingthe procedures’in §60.50Da(h). =~ "~

(1) For each coal-fired electric utility steam generating unit that
burns only bituminous coal, you must not discharge into the

atmosphere any gases from a new affected source that contain Hg in
excess of 20 x 107 pound per megawatt hour (Ib/MWh) or 0.020
ib/gigawatt-hour (GWh) on an output basis. The International System
of Units (S1) equivalent is 0.0025 ng/J.

(2) For each coal-fired electric utility steam generating unit that burns
only subbituminous coal:

(i} 1f your unit is located in a county-level geographical area receiving
greater than 25 inches per year (infyr) mean annual precipitation,
based on the most recent publicly availabie U.S. Department of
Agriculture 30-year data, you must not discharge into the atmosphere
any gases from a new affected source thal contain Hg in excess of 66
x 107 Ib/MWh or 0.066 Ib/GWh on an output basis. The Si equivalent
is 0.0083 ng/J.

(i) If your unit is located in a county-level geographical area receiving
less than or equal to 25 infyr mean annual precipitation, based on the
most recent publicly avaitable U.S. Department of Agriculture 30-year
data, you must not discharge into the atmosphere any gases from a
new affected source that contain Hg in excess of 97 x 10~ ib/MWh or
0.097 Ib/GWh on an output basis. The SI equivalent is 0.0122 ng/J.

(3) For each coal-fired electric utility steam generating unit that burns
only lignite, you must not discharge into the atmosphere any gases
from a new affected source that contain Hg in excess of 175 x 107°
Ib/MWh or 0.175 Ib/GWh on an output basis. The S| equivalent is
0.0221 ng/J.

(4) For each coal-burning eiectric utility steam generating unit that
burns only coal refuse, you must not discharge into the atmosphere
any gases from a new affected source that contain Hg in excess of 16
x 10 Ib/MWh or 0.016 Ib/GWh on an output basis. The Sl equivalent
is 0.0020 ng/J. -

(5) For each coal-fired electric utility steamn generating unit that burns a
blend of coals from different coal ranks ( i.e. , bituminous coal.
subbituminous coal, lignite) or a blend of coal and coal refuse, you
must not discharge into the atmosphere any gases from a new affected
source that contain Hg in excess of the unit-specific Hg emissions limit
established according to paragraph (a)(5)(i) or (ii) of this section, as
applicable to the affected unit.

(i) If you operate a coal-fired electric utility steam generating unit that
burns a blend of coals from different coal ranks or a blend of coal and
coal refuse, you must not discharge into the atmosphere any gases
from a new affected source that contain Hg in excess of the computed
weighted Hg emissions limit based on the Btu, MWh, or MJ)
contributed by each coal rank burned during the compliance period
and its applicable Hg emissions limit in paragraphs (a)(1) through (4) of
this section as determined using Equation 1 in this section. For each
affected source, you must comply with the weighted Hg emissions limit
calculated using Equation 1 in this section based on the totat Hg
emissions from the unit and the total Btu, MWh, or MJ contributed by
ali fuels burned during the compliance period.

S EL,(HH,}
EL, =2 (Egql)
HH,
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Where:

EL,= Total allowable Hg in Ib/MWh that can be emitted to the
atmosphere from any affected source being averaged accarding to this
paragraph.

ELi= Hg emissions limit for the subcategory i (coal rank) that applies to
affected source, Ib/MWh;



HHi= For each affected source, the Btu, MWh, or MJ contributed
by the corresponding subcategory i {(coal rank) burned during the
compliance period; and

n = Number of subcategories (coal ranks) being averaged for an
affected source.

(ii} If you operate a coal-fired electric utility steam generating unit
that burns a blend of coals from different coal ranks or a blend of
coal and coal refuse together with one or more non-regulated,
supplementary fuels, you must not discharge into the atmosphere
any gases from a new affected source that contain Hg in excess
of the computed weighted Hg emission limit based on the Btu,
MWh, or MJ contributed by each coal rank burned during the
compliance period and its applicable Hg emissions limit in
paragraphs (a)(1) through (4) of this section as determined using
Equation 1 in this section. For each affected source. You must
comply with the weighted Hg emissions limit calculated using
Equation 1 in this section based on the total Hg emissions from
the unit contributed by both regulated and nonregulated fuels
burned during the compliance period and the total Btu, MWh, or
MJ contributed by both regulated and nonregulated fuels burned
during the compliance period.

(b) For each IGCC electric utility steam generating unit, on and
after the date on which the initial performance test required to be
conducted under §60.8 is completed, no owner or operator
subject to the provisions of this subpart shall cause to be
discharged into the atmosphere from any affected facility for
which construction, modification, or reconstruction commenced
after January 30, 2004, any gases that contain Hg emissions in
excess of 20 x 10™° Ib/MWh or 0.020 Ib/GWh on an output basis.
The S| equivalent is 0.0025 ng/J. This Hg emissions limit is based
on a 12-month rolling average basis using the procedures in
§60.50Da(h).

§ 60.46Da [Reserved]

§ 60.47Da Commercial demonstration permit.

(a) An owner or operator of an affected facility proposing to
demonstrate an emerging technology may apply to the
Administrator for a commercial demonstration permit. The
Administrator will issue a commercial demonstration permit in
accordance with paragraph (e) of this section. Commercial
demonstration permits may be issued only by the Administrator,
and this authority will not be delegated.

(b) An owner or operator of an affected facility that combusts solid
“solvent refined coal (SRC-I) and who is issued a commercial
demonstration permit by the Administrator is not subject to the
SO,emission reduction requirements under §60.43Da(c) but
must, as a minimum, reduce SO;emissions to 20 percent of the
potential combustion concentration (80 percent reduction) for
each 24-hour period of steam generator operation and 1o less
than 520 ng/J (1.20 Ib/MMBtu) heat input on a 30-day rolling
average basis.

(c) An owner or operator of a fluidized bed combustion electric
utility steam generator (atmospheric or pressurized) who is issued
a commercial demonstration permit by the Administrator is not
subject to the SOzemission reduction requirements under
§60.43Da(a) but must, as a minimum, reduce SO.emissions to 15
percent of the potential combustion concentration (85 percent
reduction) on a 30-day rolling average basis and to less than 520

ng/J (1.20 Ib/MMBtu) heat input on a 30-day rolling average basis.

(d) The owner or operator of an affected facility that combusts
coal-derived liquid fuel and who is issued a commercial
demonstration permit by the Administrator is not subject to the
applicable NOxemission limitation and percent reduction under
§60.44Da(a) but must, as a minimum, reduce emissions to less

than 300 ng/J (0.70 Ib/MMBtu) heat input on a 30-day rolling average .
basis.

(e} Commercial demonstration permits may not exceed the following
equivalent MW electrical generation capacity for any one technology
category, and the total equivalent MW electrical generation capacity for
all commercial demonstration plants may not exceed 15,000 MW.

Equivalent
electrical
capacity

(MW electrical

Technology Pollutant output)
Solid solvent refined coal SO2|  6,000-10,000
(SCR )
Fluidized bed combustion SO2 400-3,000
(atmospheric)
Fluidized bed combustion SO2 400-1,200
(pressurized)
Coal liquification NOX 750-10,000}
Total allowable ' 15,000
for all

technologies

§ 60.48Da Compliance provisions.

(a) Compliance with the PM emission limitation under §60.42Da(a)(1)
constitutes compliance with the percent reduction requirements for PM
under §60.42Da(a)(2) and (3).

(b) Compliance with the NOxemission limitation under §60.44Da(a)(1)
constitutes compliance with the percent reduction requirements under
§60.44Da(a)(2).

(c) The PM emission standards under §60.42Da, the NOxemission
standards under §60.44Da, and the Hg emission standards under
§60.45Da apply at all times except during periods of startup, shutdown,
or malfunction.

(d) During emergency conditions in the principal company, an affected
facility with a malfunctioning flue gas desulfurization system may be
operated if SO,emissions are minimized by:

(1) Operating all operable flue gas desulfurization system modules,
and bringing back into operation any malfunctioned module as soon as
repairs are completed,

(2) Bypassing flue gases around only those flue gas desulfurization
system modules that have been taken out of operation because they
were incapable of any SO,emission reduction or which would have
suffered significant physical damage if they had remained in operation,
and

(3) Designing, constructing, and operating a spare flue gas
desulfurization system module for an affected facility larger than 365
MW (1,250 MMBtu/hr) heat input (approximately 125 MW electrical
output capacity). The Administrator may at his discretion require the
owner or operator within 60 days of notification to demonstrate spare
module capability. To demonstrate this capability, the owner or
operator must demonstrate compliance with the appropriate
requirements under paragraph under §60.43Da(a), (b). (d). (e). and (h)
for any period of operation lasting from 24 hours to 30 days when:



(i) Any one flue gas desulfurization module is not operated.

(ii) The affected facility is operating at the maximum heat input
rate,

(iii) The fuel fired during the 24-hour to 30-day period is
representative of the type and average sulfur content of fuel used
over a typical 30-day period, and

(iv) The owner or operator has given the Administrator at least 30
days notice of the date and period of time over which the
demonstration will be performed.

(e) After the initial performance test required under §60.8,
compliance with the SO,emission iimitations and percentage
reduction requirements under §60.43Da and the NOyxemission
limitations under §60.44Da is based on the average emission rate
for 30 successive boiler operating days. A separate performance
test is completed at the end of each boiler operating day after the
initial performance test, and a new 30 day average emission rate
for both SOand NOxand a new percent reduction for SO,are
calculated to show compliance with the standards.

(f) For the initial performance test required under §60.8,
compliance with the SO.emission limitations and percent
reduction requirements under §60.43Da and the NOxemission
limitation under §60.44Da is based on the average emission rates
for SO, NOx, and percent reduction for SO,for the first 30
successive boiler operating days. The initial performance test is
the only test in which at least 30 days prior notice is required
unless otherwise specified by the Administrator. The initial
performance test is to be scheduled so that the first boiler
operating day of the 30 successive boiler operating days is
completed within 60 days after achieving the maximum production
rate at which the affected facility will be operated, but not later
than 180 days after initial startup of the facility.

(g) The owner or operator of an affected facility subject to
emission limitations in this subpart shall determine compliance as
follows:

(1) Compliance with applicable 30-day rolling average SOzand -
NOxemission limitations is determined by calculating the
arithmetic average of all hourly emission rates for SOzand NOxfor
the 30 successive boiler operating days, except for data obtained
during startup, shutdown, malfunction (NOxonly), or emergency
conditions (SO.only).

(2) Compliance with applicable SO,percentage reduction
requirements is determined based on the average inlet and outlet
SO,emission rates for the 30 successive boiler operating days.

(3) Compliance with applicable daily average PM emission
limitations is determined by calculating the arithmetic average of
all hourly emission rates for PM each boiler operating day, except
for data obtained during startup, shutdown, and malfunction.
Averages are only calculated for boiler operating days that have
valid data for at least 18 hours of unit operation during which the
standard applies. Instead, the valid hourly emission rates are
averaged with the next boiler operating day with 18 hours or more
of valid PM CEMS data to determine compliance.

(h) If an owner or operator has not obtained the minimum quantity
of emission data as required under §60.49Da of this subpart,
compliance of the affected facility with the emission requirements
under §§60.43Da and 60.44Da of this subpart for the day on
which the 30-day period ends may be determined by the
Administrator by following the applicable procedures in section 7
“"of Method 19 of appendix A of this'part. =~~~ -~~~ - -

(iy Compfiance provisions for sources subject to §60.440a(dj(1),
(e)(1), (e)(2)(i), (e)(3)(i), or (f) . The owner or operator of an

affected facility subject to §60.44Da(d)(1), (e)(1), (eX2)(i}. (e)(3)(i). or
(f) shall caiculate NOxemissions as 1.194 x 10”" Ib/scf-ppm times the
average hourly NOxoutput concentration in ppm (measured according
to the provisions of §60.49Da(c)), times the average hourly flow rate
(measured in scfh, according to the provisions of §60.49Da(l) or
§60.49Da(m)), divided by the average hourly gross energy output
(measured according to the provisions of §60.49Da(k)). Alternatively,
for oil-fired and gas-fired units, NOxemissions may be calculated by
multiplying the hourly NOxemission rate in {b/MMBtu (measured by the
CEMS required under §§60.49Da(c) and (d)). by the hourly heat input
rate (measured according to the provisions of §60.49Da(n)), and
dividing the result by the average gross energy output (measured
according to the provisions of §60.49Da(k)).

(i) Compliance provisions for duct burners subject to §60.44Dafa)(1) .
To determine compliance with the emissions limits for NOxrequired by
§60.44Da(a) for duct burners used in combined cycle systems, either
of the procedures described in paragraph (j)(1) or (2) of this section
may be used:

(1) The owner or operator of an affected duct burner shall conduct the
performance test required under §60.8 using the appropriate methods
in appendix A of this part. Compliance with the emissions limits under
§60.44Da(a)(1) is determined on the average of three (nominat 1-hour)
runs for the initial and subsequent performance tests. During the
performance test. one sampling site shall be located in the exhaust of
the turbine prior to the duct burner. A second sampling site shall be
located at the outlet from the heat recovery steam generating unit.
Measurements shall be taken at both sampling sites during the
performance test; or .

(2) The owner or operator of an affected duct burner may elect to
determine compliance by using the continuous emission monitoring
system (CEMS) specified under §60.49Da for measuring NOxand
oxygen (O,) (or carbon dioxide (CO,)) and meet the requirements of
§60.49Da. Alternatively, data from a NOxemission rate ( i.e. , NOx-
diluent) CEMS certified according to the provisions of §75.20(c) of this
chapter and appendix A to part 75 of this chapter, and meeting the
quality assurance requirements of §75.21 of this chapter and appendix
B to part 75 of this chapter, may be used, with the following caveats.
Data used to meet the requirements of §60.51Da shall not include
substitute data values derived from the missing data procedures in
subpart D of part 75 of this chapter. nor shall the data have been bias
adjusted according to the procedures of part 75 of this chapter. The
sampling site shall be located at the outlet from the steam generating
unit. The NOxemission rate at the outlet from the steam generating unit
shall constitute the NOxemission.rate from the duct burner of the
combined cycle system.

(k) Compliance provisions for duct burners subject to §60.44Da(d)(1)
or (e)(1) . To determine compliance with the emission limitation for
NOxrequired by §60.44Da(d)(1) or (e)(1) for duct burners used in
combined cycle systems, either of the procedures described in
paragraphs (k)(1) and (2) of this section may be used:

(1) The owner or operator of an affected duct burner used in combined
cycle systems shall determine compliance with the applicable
NOxemission limitation in §60.44Da(d)(1) or (e)(1) as follows:

(i) The emission rate (E) of NOxshall be computed using Equation 2 in
this section:

Where:

E = Emission rate of NOxfrom the duct burner, ng/J (Ib/MWh) gross
output;



Csg= Average hourly concentration of NOxexiting the steam
generating unit, ng/dscm (Ib/dscf);

 C= Average hourly concentration of NOxin the turbine exhaust
upstream from duct burner, ng/dscm (Ib/dscf);

Q= Average hourly volumetric flow rate of exhaust gas from
steam generating unit, dscr/hr (dscf/hr);

Q.= Average hourly volumetric flow rate of exhaust gas from
combustion turbine, dscm/hr (dscf/hr);

O.g= Average hourly gross energy output from steam generating
unit, J (MWh); and

h = Average hourly fraction of the total heat input to the steam
generating unit derived from the combustion of fuel in the affected
duct burner.

(i) Method 7E of appendix A of this part shall be used to
determine the NOxconcentrations (Csgand Cie). Method 2, 2F or
2G of appendix A of this part, as appropriate, shall be used to
determine the volumetric flow rates (Q,gand Qi) of the exhaust
gases. The volumetric fiow rate measurements shall be taken at
the same time as the concentration measurements.

(iii) The owner or operator shall develop, demonstrate, and
provide information satisfactory to the Administrator to determine
the average hourly gross energy output from the steam
generating unit, and the average hourly percentage of the total
heat input to the steam generating unit derived from the
combustion of fuel in the affected duct burner.

(iv) Compliance with the applicable NOxemission limitation in
§60.44Da(d)(1) or (e)(1) is determined by the three-run average
(nominal 1-hour runs) for the initial and subsequent performance
tests.

(2) The owner or operator of an affected duct burner used in a
combined cycle system may elect to determine compliance with
the applicable NOxemission limitation in §60.44Da(d)(1) or (e)(1)
on a 30-day rolling average basis as indicated in paragraphs
(K)(2)(i) through (iv) of this section.

(i) The emission rate (E) of NOxshall be computed using Equation
3 in this section:

_ [C‘sz‘d)
' E = T (Eq.3)
Where:

E = Emission rate of NOxfrom the duct burner, ng/J (Ib/MWh)
gross output; -

Cs;= Average hourly concentration of NOxexiting the steam
generating unit, ng/dscm (lb/dscf);

Qs,= Average hourly volumetric flow rate of exhaust gas from
steam generating unit, dscm/hr (dscf/hr); and

Occ= Average hourly gross energy output from entire combined
cycle unit, J (MWh).

(i) The CEMS specified under §60.49Da for measuring NOxand
O,(or CO,) shall be used to determine the average hourly
NOxconcentrations (C.g). The continuous flow monitoring system
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specified in §60.49Da(l) or §60.49Da(m) shall be used to determine the
volumetric flow rate (Qsg) of the exhaust gas. If the option to use the
flow monitoring system in §60.49Da(m) is selected, the flow rate data
used to meet the requirements of §60.51Da shall not include substitute
data values derived from the missing data procedures in subpart D of
part 75 of this chapter, nor shall the data have been bias adjusted
according to the procedures of part 75 of this chapter. The sampling
site shall be located at the outiet from the steam generating unit.

(iii} The continuous monitoring system specified under §60.49Da(k) for
measuring and determining gross energy output shall be used to
determine the average hourly gross energy output from the entire
combined cycle unit (O), which is the combined output from the
combustion turbine and the steam generating unit.

(iv) The owner or operator may, in lieu of installing, operating, and
recording data from the continuous flow monitoring system specified in
§60.49Da(l), determine the mass rate (lb/hr) of NOxemissions by
installing, operating, and maintaining continuous fuel flowmeters
following the appropriate measurements procedures specified in
appendix D of part 75 of this chapter. If this compliance option is
selected, the emission rate (E) of NOxshall be computed using
Equation 4 in this section:

_ (ER,,xH,)
0

[14

(Eq 4

Where:

E = Emission rate of NOxfrom the duct burner, ng/J (Ib/MWh) gross
output; .

ERsg= Average hourly emission rate of NOxexiting the steam
generating unit heat input calculated using appropriate F factor as
described in Method 19 of appendix A of this part, ng/J (Ib/MMBtu);

Hc.= Average hourly heat input rate of entire combined cycle unit, J/hr
(MMBtu/hr); and

O..= Average hourly gross energy output from entire combined cycle
unit, J (MWh). :

(3) When an affected duct burner steam generating unit utilizes a
common steam turbine with one or more affected duct burner steam
generating units, the owner or operator shall either:

(i) Determine compliance with the applicable NOxemissions limits by
measuring the emissions combined with-the emissions from the other
unit(s) utilizing the common steam turbine; or

(i) Develop, demonstrate, and provide information satisfactory to the
Administrator on methods for apportioning the combined gross energy
output from the steam turbine for each of the affected duct burners.
The Administrator may approve such demonstrated substitute methods
for apportioning the combined gross energy output measured at the
steam turbine whenever the demonstration ensures accurate
estimation of emissions regulated under this part.

() Compliance provisions for sources subject to §60.45Da. The owner
or operator of an affected facility subject to §60.45Da (new sources
constructed or reconstructed after January 30, 2004) shall calculate
the Hg emission rate (Ib/MWh) for each calendar month of the year,
using hourly Hg concentrations measured according to the provisions
of §60.49Da(p) in conjunction with hourly stack gas volumetric flow
rates measured according to the provisions of §60.49Da(l) or (m), and
hourly gross electrical outputs, determined according to the provisions
in §60.49Da(k). Compliance with the applicable standard under
§60.45Da is determined on a 12-month rolling average basis.



(m) Compliance provisions for sources subject to
§60.43Da()(1)(i). ()(2)(0. (}3)(). ()@, (H2)(1). or (}3)(i). The
owner or operator of an affected facility subject to
§60.43Da(i)(1)(i). (i}2)(). ()(3)(i), 0)(1)9) ()2)(i), or (j)(3)(i) shall
calculate Sozemvssmns as 1.660 x 107" Ib/scf-ppm times the
average hourly SO,output concentration in ppm (measured
according to the provisions of §60.49Da(b)), times the average
hourly flow rate (measured according to the provisions of
§60.49Da(l) or §60.43Da(m)), divided by the average hourly gross
energy output {measured according to the provisions of
§60.49Da(k)). Alternatively, for oil-fired and gas-fired units,
SO.emissions may be calculated by multiplying the hourly
SOzemission rate (in Ib/MMBtu), measured by the CEMS required
under §60.49Da, by the hourly heat input rate (measured
according to the provisions of §60.49Da(n)), and dividing the
result by the average gross energy output (measured according to
the provisions of §60.49Da(k)).

(n) Compliance provisions for sources subject to §60.42Da(cj(1).
The owner or operator of an affected facility subject to
§60.42Da(c)(1) shall calculate PM emissions by multiplying the
average hourly PM output concentration, measured according to
the provisions of §60.48Da(t), by the average hourly flow rate.
measured according to the provisions of §60.49Da(l), and divided
by the average hourly gross energy output, measured according
to the provisions of §60.49Da(k). Compliance with the emission
limit is determined by calculating the arithmetic average of the
hourly emission rates computed for each boiler operating day.

(o) Compliance provisions for sources subject to §60.42Da(c)(2)
or (dj. Except as provided for in paragraph (p) of this section, the
owner or operator of an affected facility for which construction,
recanstruction, or modification commenced after February 28,
2005, shalt demonstrate compliance with each applicable
emission limit according to the requirements in paragraphs (0)(1)
through (0)(5) of this section and use a COMS to demonstrate
compliance with §60.42Da(b).

(1) You must conduct a performance test to demonstrate initial
compliance with the applicable PM emissions limit in
60.42Da(c)(2) or (d) by the applicable date specified in §60.8(a).
Thereafter, you must conduct each subsequent performance test
within 12 calendar months of the date of the prior performance
test. You must conduct each performance test according to the
requirements in §60.8 using the test methods and procedures in
§60.50Da.

(2) You must manitor the performance of each electrostatic
precipitator or fabric filter (baghouse) operated to comply with the
applicable PM emissions limit in §60.42Da(c)(2) or (d) using a
continuous opacity monitoring system (COMS) according to the
requirements in paragraphs (0)(2)(i) through (vi} uniess you elect
to comply with one of the alternatives provided in paragraphs
(0)(3) and (0)(4) of this section, as applicable to your control
device.

(i) Each COMS must meet Performance Specification 1 in 40 CFR
part 60, appendix B.

(ii) You must comply with the quality assurance requirements in
paragraphs (0)(4)(ii)(A) through (E) of this section.

(A) You must automatically (intrinsic to the opacity monitor) check
the zero and upscale (span) calibration drifts at least once daity.
For a particular COMS, the acceptable range of zero and upscale
calibration materials is as defined in the applicable version of
Performance Specification 1 in 40 CFR part 60, appendix B.

(B) You must adjust the zero and span whenever the 24-hour
2zero drift or 24-hour span drift exceeds 4 percent opacity. The
COMS must allow for the amount of excess zero and span drift
measured at the 24-hour interval checks to be recorded and
quantified. The optical surfaces exposed to the effluent gases
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must be cleaned prior to performing the zero and span drift
adjustments, except for systems using automatic zero adjustments.
For systems using automatic zero adjustments, the optical surfaces
must be cleaned when the cumulative automatic zero compensation
exceeds 4 percent opacity.

(C) You must apply a method for producing a simulated zero opacity
condition and an upscale (span) opacity condition using a certified
neutral density filter or other related technique to produce a known
obscuration of the fight beam. All procedures applied must provide a
system check of the analyzer internal optical surfaces and all electronic
circuitry including the lamp and photodetector assembly.

(D) Except during periods of system breakdowns, repairs. calibration
checks, and zero and span adjustments, the COMS must be in
continuous operation and must complete a minimum of one cycle of
sampling and analyzing for each successive 10 second period and one
cycle of data recording for each successive 6-minute period.

(E) You must reduce all data from the COMS to 6-minute averages.
Six-minute opacity averages must be calculated from 36 or more data
points equally spaced over each 6-minute period. Data recorded during
periods of system breakdowns, repairs, calibration checks, and zero
and span adjustments must not be included in the data averages. An
arithmetic or integrated average of ali data may be used.

(iii) During each performance test conducted according to paragraph
(0)(1) of this section, you must establish an opacity baseline level. The
value of the opacity baseline level is determined by averaging all of the
6-minute average opacity values (reported to the nearest 0.1 percent
opacity) from the COMS measurements recorded during each of the
test run intervals conducted for the performance test, and then adding
2.5 percent opacity to your calculated average opacity value for alf of
the test runs. If your calculated average opacity value for all of the test
runs is less than 5.0 percent, then the opacity baseline levet is set at
5.0 percent.

(iv) You must evaluate the preceding 24-hour-average opacity level

.measured by the COMS each boiler operating day excluding periods of

affected source startup, shutdown, or malfunction. If the measured 24-
hour average opacity emission level is greater than the baseline
opacity level determined in paragraph (0)(2)(iii) of this section, you
must initiate investigation of the relevant equipment and control
systems within 24 hours of the first discovery of the high opacity
incident and take the appropriate corrective action as soon as
practicable to adjust control settings or repair equipment to reduce the
measured 24-hour average opacity to a level below the baseline
opacity level.

(v) You must record the opacity measurements, calculations
performed, and any corrective actions taken. The record of corrective
action taken must include the date and time during which the
measured 24-hour average opacity was greater than baseline opacity
level, and the date, time, and description of the corrective action.

(vi) If the measured 24-hour average opacity for your affected source
remains at a level greater than the opacity baseline level after 7 days,
then you must conduct a new PM perfarmance test according to
paragraph (0)(1) of this section and establish a new opacity baseline
value according to paragraph (0)(2) of this section. This new
performance test must be conducted within 60 days of the date that the
measured 24-hour average opacity was first determined to exceed the
baseline opacity ievel unless a wavier is granted by the appropriate
delegated permitting authority.

(3) As an alternative to complying with the requirements of paragraph
(0)(2) of this section, an owner or operator may elect to monitor the
performance of an electrostatic precipitator (ESP) operated to comply
with the applicable PM emissions limit in §60.42Da(c)(2) or (d) using

an ESP predictive model deve!oped in accordance with the’
requirements in paragraphs (0)(3)(i) through (v) of this section.



(i) You must calibrate the ESP predictive model with each PM
control device used to comply with the applicable PM emissions
limit in §60.42Da(c)(2) or (d) operating under normal conditions.
In cases when a wet scrubber is used in combination with an ESP
to comply with the PM emissions limit, the daily average liquid-to-
gas flow rate for the wet scrubber must be maintained at 90
percent of average ratio measured during ali test run intervals for
the performance test conducted according to paragraph (0)(1) of
this section.

(i) You must develop a site-specific monitoring plan that includes
a description of the ESP predictive model used, the model input
parameters, and the procedures and criteria for establishing
monitoring parameter baseline levels indicative of compliance
with the PM emissions limit. You must submit the site-specific
monitoring plan for approval by the appropriate delegated
permitting authority. For reference purposes in preparing the
monitoring plan, see the OAQPS “Compliance Assurance
Monitoring (CAM) Protocol far an Electrostatic Precipitator (ESP)
Controlling Particulate Matter (PM) Emissions from a Coal-Fired
Boiler.” This document is available from the U.S. Environmentat
Protection Agency (U.S. EPA); Office of Air Quality Planning and
Standards; Sector Policies and Programs Division; Measurement
Palicy Group (D243-02), Research Triangle Park, NC 27711.
This document is also available on the Technology Transfer
Network (TTN) under Emission Measurement Center Continuous
Emission Monitoring .

(iii) You must run the ESP predictive model using the applicable
input data each boiler operating day and evaluate the model
output for the preceding boiler operating day excluding periods of
affected source startup, shutdown, or malfunction. If the values for
one or more of the model parameters exceed the applicable
baseline levels determined according to your approved site-
specific monitoring plan, you must initiate investigation of the
relevant equipment and control systems within 24 hours of the
first discovery of a model parameter deviation and, take the
appropriate correclive action as soon as practicable to adjust
control settings or repair equipment to return the model output.to
within the applicable baseline levels.

- (iv) You must record the ESP predictive model inputs and outputs
and any corrective actions taken. The record of corrective action
taken must include the date and time during which the model
output values exceeded the applicable baseline levels, and the
date, time, and description of the corrective action.

(v) If after 7 consecutive days a model parameter continues to
exceed the applicable baseline level, then you must conduct a
new PM performance test according to paragraph (0)(1) of this
section. This new performance test must be conducted within 60
days of the date that the model parameter was first determined to
exceed its baseline level unless a wavier is granted by the
appropriate delegated permitting authority.

(4) As an alternative to complying with the requirements of
paragraph (0)(2) of this section, an owner or operator may elect to
monitor the performance of a fabric filter (baghouse) operated to
comply with the applicable PM emissions limit in §60.42Da(c)(2)
or {(d) by using a bag leak detection system according to the
requirements in paragraphs (0){4)(i) through (v) of this section.

(i) Each bag leak detection system must meet the specifications
and requirements in paragraphs (0)(4)(i)(A) through (H) of this
section.

(A) The bag leak detection system must be certified by the
manufacturer to be capable of detecting PM emissions at
concentrations of 1 milligram per actual cubic meter (0.00044
grains per actual cubic foot) or less.

(B) The bag leak detection system sensor must provide output of
relative PM loadings. The owner or operator must continuously
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record the outplit from the bag leak detection system using electronic
or other means ( e.g. , using a strip chart recorder or a data logger.)

(C) The bag leak detection system must be equipped with an alarm
system that will react when the system detects an increase in relative
particulate foading over the atarm set point established according to
paragraph (o)(4)(i)(D) of this section, and the alarm must be located
such that it can be noticed by the appropriate plant personnel.

(D) In the initial adjustment of the bag leak detection system, you must
establish, at a minimum, the baseline output by adjusting the sensitivity
(range) and the averaging period of the device, the alarm set points,
and the alarm delay time.

(E) Following initial adjustment, you must not adjust the averaging
period, alarm set point, or alarm delay time without approval from the
appropriate delegated permitting authority except as provided in
paragraph (d)(1)(vi) of this section.

(F) Once per quarter, you may adjust the sensitivity of the bag leak
detection system to account for seasonal effects, including
temperature and humidity, according to the procedures identified in the
site-specific monitoring plan required by paragraph (0)(4)(ii) of this
section.

(G) You must install the bag leak detection sensor downstream of the
fabric filter and upstream of any wet scrubber.

(H) Where multiple detectors are required, the system'’s .
instrumentation and alarm may be shared among detectors.

(i) You must develop and submit to the appropriate delegated
permitting authority for approval a site-specific monitoring plan for each
bag leak detection system. You must operate and maintain the bag
leak detection system according to the site-specific monitoring plan at
all times. Each monitoring plan must describe the items in paragraphs
(0)(4)(ii)(A) through (F) of this section.

(A) Installation of the bag leak detection system;

(B) Initial and periodic adjustment of the bag leak detection system,
including how the alarm set-point will be established,

(C) Operation of the bag leak detection system, including quality
assurance procedures;

(D) How the bag leak detection system wiil be maintained, including a
routine maintenance schedule and spare parts inventory list;

(E) How the bag leak detection system output will be recorded and
stored; and

(F) Corrective action procedures as specified in paragraph (0)(4)(iii) of
this section. In approving the site-specific monitoring plan, the
appropriate delegated permitting authority may aliow owners and
operators more than 3 hours to alleviate a specific condition that
causes an alarm if the owner or operator identifies in the monitoring
plan this specific condition as one that could lead to an alarm,
adequately explains why it is not feasible to alleviate this condition
within 3 hours of the time the alarm occurs, and demonstrates that the
requested time will ensure alleviation of this condition as expeditiously
as practicable.

(iiiy For each bag leak detection system, you must initiate procedures
to determine the cause of every alarm within 1 hour of the atarm.
Except as provided in paragraph (0)(4)(ii)(F) of this section, you must
alleviate the cause of the alarm within 3 hours of the alarm by taking
whatever corrective action(s) are necessary. Corrective actions may
include, but are not limited to the following:




(A) Inspecting the fabric filter for air ieaks, torn or broken bags or
filter media, or any other condition that may cause an increase in
particulate emissions;

(B) Sealing off defective bags or filter media;

(C) Replacing defective bags or filter media or otherwise repairing
the control device;

(D) Sealing off a defective fabric filter compartment;

(E) Cleaning the bag leak detection system probe or otherwise
repairing the bag leak detection system; or

(F) Shutting down the process producing the particulate
emissions.

(iv) You must maintain records of the information spe(:iﬁed in
paragraphs (0)(4)(iv)(A) through (C) of this section for each bag
leak detection system.

(A) Records of the bag leak detection system output;

(B) Records of bag leak detection system adjustments, including
the date and time of the adjustment, the initial bag leak detection
system settings, and the final bag leak detection system settings:
and .

(C) The date and time of all bag leak detection system alarms, the
time that procedures to determine the cause of the alarm were
initiated, if procedures were initiated within 1 hour of the alarm,
the cause of the alarm, an explanation of the actions taken, the
date and time the cause of the alarm was alleviated, and if the
alarm was alleviated within 3 hours of the alarm.

(v} If after any period of composed of 30 boiler operating days
during which the alarm rate exceeds 5 percent of the process
operating time (excluding control device or process startup,
shutdown, and malfunction), then you must conduct a new PM
performance test according to paragraph (0)(1) of this section.
This new performance test must be conducted within 60 days of
the date that the alarm rate was first determined to exceed 5
percent limit unless a wavier is granted by the appropriate
delegated permitting authority.

(5) An owner or operator of a modified affected source electing to
meet the emission limitations in §.42Da(d) shall determine the
percent reduction in PM by using the emission rate for PM
determined by the performance test conducted according to the
requirements in paragraph (0)(1) of this section and the ash
content on @ mass basis of the fuel burned during each
performance lest run as determined by analysis of the fuel as
fired.

(p) As an alternative to meeting the compliance provisions
specified in paragraph (o) of this section, an owner or operator
may elect to install, certify, maintain, and operate a CEMS
measuring PM emissions discharged from the affected facility to
the atmosphere and record the output of the system as specified
in paragraphs (p)(1) through (p)(8) of this section.

(1) The owner or operator shall submit a written notification to the
Administrator of intent to demonstrate compliance with this
subpart by using a CEMS measuring PM. This notification shall
be sent at least 30 calendar days before the initial startup of the .
" monitor for compliance determination purposes. The owner or
-operator-may discontinue -operation-of the monitor-and instead-
return to demonstration of compliance with this subpart according
to the requirements in paragraph (o) of this section by submitting
written notification to the Administrator of such intent at teast 30
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calendar days before shutdown of the monitor for compliance
determination purposes.

(2) Each CEMS shall be installed, certified, operated, and maintained
according to the requirements in §60.49Da(v).

(3) The initial performance evaluation shall be compfeted no later than
180 days after the date of initial startup of the affected facility, as
specified under §60.8 of subpart A of this part or within 180 days of the
date of notification to the Administrator required under paragraph (p)(1)
of this section, whichever is later.

(4) Compliance with the applicable emissions limit shall be determined
based on the 24-hour daily (block) average of the hourly arithmetic
average emissions concentrations using the continuous monitoring
system outlet data. The 24-hour block arithmetic average emission
concentration shall be calculated using EPA Reference Method 19 of
appendix A of this part, section 4.1.

(5) At a minimum, valid CEMS hourly averages shall be obtained for 75
percent of all operating hours on a 30-day rolling average basis.
Beginning on January 1, 2012, valid CEMS hourly averages shall be
obtained for 80 percent of all operating hours on a 30-day rolling
average basis.

(i) At least two data points per hour shall be used to calculate each 1-
hour arithmetic average.

(i) {Reserved]

(6) The 1-hour arithmetic averages required shall be expressed in ng/J,
MMBtu/hr, or Ib/MWh and shall be used to calculate the boiler
operating day daily arithmetic average emission concentrations. The 1-
hour arithmetic averages shall be calculated using the data points
required under §60.13(e)(2) of subpart A of this part.

(7) All valid CEMS data shall be used in calculating average emission
concentrations even if the minimum CEMS data reqmrements of
paragraph (j)(5) of this section are not met.

(8) When PM emissions data are not obtained because of CEMS
breakdowns. repairs, calibration checks, and zero and span
adjustments, emissions data shall be obtained by using other
monitoring systems as approved by the Administrator or EPA
Reference Method 19 of appendix A of this part to provide, as
necessary, valid emissions data for a minimum of 90 percent (only 75
percent is required prior to January 1, 2012) of all operating hours per
30-day rolling average.

§ 60.49Da Emission monitoring.

(a) Except as provided for in paragraphs (t) and (u) of this section, the
owner or operator of an affected facility, shall install, calibrate,
maintain, and operate a CEMS, and record the output of the system,
for measuring the opacity of emissions discharged to the atmosphere.
If opacity interference due to water droplets exists in the stack (for
example, from the use of an FGD system), the opacity is monitored
upstream of the interference (at the inlet to the FGD system). If opacity
interference is experienced at all locations (both at the inlet and outlet
of the SO,controt system), alternate parameters indicative of the PM
control system's performance and/or good combustion are monitored
(subject to the approval of the Administrator).

(b) The owner or operator of an affected facility shall install, calibrate,
maintain, and operate a CEMS, and record the output of the system,
for measuring SO.emissions, except where natural gas is the only fuel
combusted,.as follows: . .

(1) Sulfur dioxide emissions are monitored at both the inlet and outlet
of the SO,control device.



(2) For a facility that qualifies under the numerical limit provisions
of §60.43Da(d), (i), (j), or (k) SO.emissions are only monitored as
discharged to the atmosphere.

(3) An “as fired” fuel monitoring system (upstream of coal
pulverizers) meeting the requirements of Method 19 of appendix
A of this part may be used to determine potential SO,emissions in
place of a continuous SO.emission monitor at the inlet to the
SO:control device as required under paragraph (b)(1) of this
section.

(4) If the owner or operator has installed and certified a
SO;continuous emissions monitoring system (CEMS) according
to the requirements of §75.20(c)(1) of this chapter and appendix A
to part 75 of this chapter, and is continuing to meet the ongoing
quality assurance requirements of §75.21 of this chapter and
appendix B to part 75 of this chapter, that CEMS may be used to
meet the requirements of this section, provided that:

(i) A CO,0r O continuous monitoring system is installed,
calibrated, maintained and operated at the same location,
according to paragraph (d) of this section; and

(ii) For sources subject to an SO,emission limit in Ib/MMBtu under
§60.43Da:

(A) When relative accuracy testing is conducted,
SO, concentration data and COx(or O,) data are collected
simultaneously; and

(B) In addition to meeting the applicable SO,and CO,(or O2)

relative accuracy specifications in Figure 2 of appendix B to part

75 of this chapter, the relative accuracy (RA) standard in section

13.2 of Performance Specification 2 in appendix B to this part is
~met when the RA is calcutated on a Ib/MMBtu basis; and

" (iii) The reporting requirements of §60.51Da are met. The SO,and
CO,(or O,) data reported to meet the requirements of §60.51Da

- shall not include substitute data values derived from the missing
data procedures in subpart D of part 75 of this chapter, nor shall
the SO.data have been bias adjusted according to the procedures
of part 75 of this chapter.

(c)(1) The owner or operator of an affected facility shall install,
calibrate, maintain, and operate a CEMS, and record the output of
the system, for measuring NOxemissions discharged to the
atmosphere; or

(2) If the owner or operator has installed a NOxemission rate
CEMS to meet the requirements of part 75 of this chapter and is
continuing to meet the ongoing requirements of part 75 of this
chapter, that CEMS may be used to meet the requirements of this
section, except that the owner or operator shall also meet the
requirements of §60.51Da. Data reported to meet the
requirements of §60.51Da shall not include data substituted using
the missing data procedures in subpart D of part 75 of this
chapter, nor shall the data have been bias adjusted according to
the pracedures of part 75 of this chapter.

(3) The owner or operator of an affected facility shall install,
calibrate, maintain, and operate a CEMS, and record the output of
the system, for measuring the Oor carbon dioxide (CO,) content
of the flue gases at each location where SO,0r NOxemissions are
monitored. For affected facilities subject to a Ib/MMBtu
SO,emission limit under §60.43Da, if the owner or operator has
installed and certified a CO.0r O,monitoring system according to
§75.20(c) of this chapter and Appendix A to part 75 of this chapter
and the monitoring system continues to meet the applicable
quality-assurance provisions of §75.21 of this chapter and
appendix B to part 75 of this chapter, that CEMS may be used
together with the part 75 SO.concentration monitoring system
described in paragraph (b) of this section, to determine the
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SO.emission rate in Ib/MMBtu. SO.data used to meet the requirements
of §60.51Da shall not include substitute data values derived from the
missing data procedures in subpart D of part 75 of this chapter, nor
shall the data have been bias adjusted according to the procedures of
part 75 of this chapter.

(e) The CEMS under paragraphs (b), (c), and (d) of this section are
operated and data recorded during all periods of operation of the
affected facility including periods of startup, shutdown, malfunction or
emergency conditions, except for CEMS breakdowns, repairs,
calibration checks, and zero and span adjustments.

(fH(1) For units that began construction, reconstruction, or modification
on or before February 28, 2005, the owner or operator shall obtain
emission data for at least 18 hours in at least 22 out of 30 successive
boiler operating days. If this minimum data requirement cannot be met
with CEMS, the owner or operator shall supplement emission data with
other monitoring systems approved by the Administrator or the
reference methods and procedures as described in paragraph (h) of
this section.

(2) For units that began construction, reconstruction, or modification
after February 28, 2005, the owner or operator shall obtain emission
data for at least 90 percent of all operating hours for each 30
successive boiler operating days. If this minimum data requirement
cannot be met with a CEMS, the owner or aperator shall supplement
emission data with other monitoring systems approved by the
Administrator or the reference methods and procedures as described
in paragraph (h) of this section.

(g) The 1-hour averages required under paragraph §60.13(h) are
expressed in ng/J (Ib/MMBtu) heat input and used to calculate the
average emission rates under §60.48Da. The 1-hour averages are
calculated using the data points required under §60.13(h)(2).

(h) When it becomes necessary to supplement CEMS data to meet the
minimum data requirements in paragraph (f} of this section, the owner
or operator shall use the reference methods and procedures as
specified in this paragraph. Acceptable alternative methods and
procedures are given in paragraph (j) of this section.

(1) Method 6 of appendix A of this part shall be used to determine the
SO.concentration at the same location as the SO,monitor. Samples
shall be taken at 60-minute intervals. The sampling time and sample
volume for each sample shall be at least 20 minutes and 0.020 dscm
(0.71 dscf). Each sample represents a 1-hour average.

(2) Method 7 of appendix A of this part shall be used to determine the
NOxconcentration at the same location as the NOxmonitor. Samples
shall be taken at 30-minute intervals. The arithmetic average of two
consecutive samples represents a 1-hour average.

(3) The emission rate correction factor, integrated bag sampling and
analysis procedure of Method 3B of appendix A of this part shall be
used to determine the O,or CO,concentration at the same location as
the Oz0r CO;monitor. Samples shall be taken for at least 30 minutes in
each hour. Each sample represents a 1-hour average.

(4) The procedures in Method 19 of appendix A of this part shall be
used to compute each 1-hour average concentration in ng/J
(Ib/MMBtu) heat input.

(i) The owner or operator shall use methods and procedures in this
paragraph to conduct monitoring system performance evaluations
under §60.13(c) and calibration checks under §60.13(d). Acceptable
alternative methods and procedures are given in paragraph (j) of this
section.

(1) Methods 3B, 6, and 7 of appendix A of this part shall be used to
determine O, SO,, and NOxconcentrations, respectively.




(2) SOs0r NOx(NO). as applicabie. shall be used for pre'paring the
calibration gas mixtures (in Nz, as applicable) under Performance
Specification 2 of appendix B of this part.

(3) For affected facilities burning only fossil fuel, the span value
for a CEMS for measuring opacity is between 60 and 80 percent.
Span values for a CEMS measuring NOxshall be determined
using one of the following procedures:

(i) Except as provided under paragraph (i)(3)(ii) of this section,
NOxspan values shall be determined as follows:

Span values for NOy
Fossil fuel (ppm)
Gas 500.
Liquid 500.
1Solid 1,000,
{Combination S00(x+y)+1.000z.
Where:

x = Fraction of total heat input derived from gaseous fossil fuel,
y = Fraction of total heat input derived from liquid fossil fuel, and
z = Fraction of total heat input derived from solid fossil fuel.

(iiy As an alternative to meeting the requirements of paragraph
(iY(3)(i) of this section, the owner or operator of an affected facility
may elect to use the NOyspan values determined according to
section 2.1.2 in appendix A to part 75 of this chapter.

(4) All span values computed under paragraph (i)(3)(i) of this
section for burning combinations of fossil fuels are rounded to the
nearest 500 ppm. Span values computed under paragraph
(i)(3)(ii) of this section shall be rounded off according to section
2.1.2in appendix A 1o part 75 of this chapter.

(5) For affected facilities burning fassi fuel, alone or in
combination with non-fossil fuel and determining span values
under paragraph (i)(3)(i) of this section, the span value of the
SO,CEMS at the iniet to the SO,control device is 125 percent of
the maximum estimated hourly potential emissions of the fuel
fired, and the outlet of the SO.control device is 50 percent of
maximum estimated hourly potential emissions of the fuel fired.
For affected facilities determining span values under paragraph
(i)(3)(ii) of this section, SO,span values shall be determined
according to section 2.1.1 in appendix A to part 75 of this chapter.

(i) The owner or operator may use the following as alternatives to
the reference methods and procedures specified in this section:

(1) For Method 6 of appendix A of this part, Method 6A or 6B
(whenever Methods 6 and 3 or 3B of appendix A of this part data
are used) or 6C of appendix A of this part may be used. Each
Method 6B of appendix A of this part sample obtained over 24
hours represents 24 1-hour averages. If Method 6A or 6B of
appendix A of this part is used under paragraph (i) of this section,
the conditions under §60.48Da(d)(1) apply; these conditions do
not apply under paragraph (h) of this section.

(2) For Method 7 of appendix A of this part, Method 7A, 7C, 7D,
or 7E of appendix A of this part may be used. If Method 7C, 7D,
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or 7E of appendix A of this part is used. the sampling time for each run
shall be 1 hour.

(3) For Method 3 of appendix A of this part. Method 3A or 3B of
appendix A of this part may be used if the sampling time is 1 hour.

(4) For Method 3B of appendix A of this part, Method 3A of appendix A
of this part may be used.

(k) The procedures specified in paragraphs (k)(1) through (3) of this
section shall be used to determine gross output for sources
demonstrating compliance with the output-based standard under
§60.44Da(d)(1).

(1) The owner or operator of an affected facility with eiectricity
generation shall install, calibrate, maintain, and operate a wattmeter;
measure gross electrical output in MWh on a continuous basis; and
record the output of the monitor.

(2) The owner or operator of an affected facility with process steam
generation shall install, calibrate, maintain, and operate meters for
steam flow, temperature, and pressure; measure gross process steam
output in joules per hour (or Btu per hour) on a continuous basis; and
record the output of the monitor.

(3) For affected facilities generating process steam in combination with
electrical generation, the gross energy output is determined from the
gross electrical output measured in accordance with paragraph (k)(1)
of this section plus 75 percent of the gross thermal output (measured
relative to 1ISO conditions) of the process steam measured in
accordance with paragraph (k)(2) of this section.

(ly The owner or operator of an affected facility demonstrating
compliance with an output-based standard under §60.42Da, §60.43D3,
§60.44Da, or §60.45Da shall install, certify, operate, and maintain a
continuous fiow monitoring system meeting the requirements of
Performance Specification 6 of appendix B of this part and the CD
assessment, RATA and reporting provisions of procedure 1 of
appendix F of this part, and record the output of the system, for
measuring the volumetric flow rate of exhaust gases discharged to the
atmosphere; or

(m) Alternatively, data from a continuous flow monitoring system
certified according to the requirements of §75.20(c) of this chapter and
appendix A to part 75 of this chapter, and continuing to meet the
applicable quality control and quality assurance requirements of
§75.21 of this chapter and appendix B to part 75 of this chapter, may
be used. Flow rate data reported to meet the requirements of
§60.51Da shall not include substitute data values derived from the
missing data procedures in subpart D of part 75 of this chapter, nor
shall the data have been bias adjusted according to the procedures of
part 75 of this chapter.

(n) Gas-fired and oil-fired units. The owner or operator of an affected
unit that qualifies as a gas-fired or oil-fired unit, as defined in 40 CFR
72.2, may use, as an alternative to the requirements specified in either
paragraph (1) or (m) of this section, a fuel flow monitoring system
certified and operated according to the requirements of appendix D of
part 75 of this chapter.

(0) The owner or operator of a duct burner, as described in §60.41Da,
which is subject to the NOxstandards of §60.44Da(a)(1), (d)(1). or
(e)(1) is not required to install or operate a CEMS to measure
NOxemissions; a wattmeter to measure gross electrical output; meters
to measure steam flow, temperature, and pressure; and a continuous
flow monitoring system to measure the flow of exhaust gases
discharged to the atmosphere.

(p) The owner or operator of an affécted facility demonstrating”
compliance with an Hg limit in §60.45Da shall install and operate a
CEMS to measure and record the concentration of Hg in the exhaust
gases from each stack according to the requirements in paragraphs



(p)(1) through (p)(3) of this section. Alternatively, for an affected
facility that is also subject to the requirements of subpart | of part
75 of this chapter, the owner or operator may install, certify,
maintain, operate and quality-assure the data from a Hg CEMS
according to §75.10 of this chapter and appendices A and B to
part 75 of this chapter, in lieu of following the procedures in
paragraphs (p)(1) through (p)(3) of this section.

(1) The owner or operator must install, operate, and maintain
each CEMS according to Performance Specification 12A in
appendix B to this part.

(2) The owner or operator must conduct a performance evaluation
of each CEMS according to the requirements of §60.13 and
Performance Specification 12A in appendix B to this part.

(3) The owner or operator must operate each CEMS according to
the requirements in paragraphs (p)(3)(i) through (iv) of this
section.

(i) As specified in §60.13(e)(2), each CEMS must complete a
minimum of one cycle of operation (sampling, analyzing, and data
recording) for each successive 15-minute period.

(i) The owner or operator must reduce CEMS data as specified in
§60.13(h).

(iii) The owner or operator shall use all valid data points collected
during the hour to calculate the hourly average Hg concentration.

' (iv)'The owner or operator must record the results of each
required cediﬁgation and quality assurance test of the CEMS.

(4) Mercury CEMS data collection must conform to paragraphs
(p)(4)(i) through (iv) of this section.

(i).For each calendar month in which the affected unit operates,
valid hourly Hg concentration data, stack gas volumetric flow rate
-data, moisture data (if required), and electrical output data (i.e.,
valid data for all of these parameters) shall be obtained for at
least 75 percent of the unit operating hours in the month.

(i) Data reported to meet the requirements of this subpart shall
not include hours of unit startup, shutdown, or malfunction. in
addition, for an affected facility that is also subject to subpart | of
part 75 of this chapter, data reported to meet the requirements of
this subpart shall not include data substituted using the missing
data procedures in subpart D of part 75 of this chapter, nor shall
the data have been bias adjusted according to the procedures of
part 75 of this chapter.

(iii) If valid data are obtained for less than 75 percent of the unit
operating hours in a month, you must discard the data collected in
that month and replace the data with the mean of the individual
monthly emission rate values determined in the last 12 months. In
the 12-month rolling average calculation, this substitute Hg
emission rate shall be weighted according to the number of unit
operating hours in the month for which the data capture
requirement of §60.49Da(p)(4)(i) was not met.

(iv) Notwithstanding the requirements of paragraph (p)(4)(iii) of
this section, if valid data are obtained for less than 75 percent of
the unit operating hours in another month in that same 12-month
rolling average cycle, discard the data collected in that month and
replace the data with the highest individual monthly emission rate
determined in the last 12 months. In the 12-month rolling average
calculation, this substitute Hg emission rate shall be weighted
according to the number of unit operating hours in the month for
which the data capture requirement of §60.49Da(p)(4)(i) was not
met.

16

(q) As an alternative to the CEMS required in paragraph (p) of this
section, the owner or operator may use a sorbent trap monitoring
system (as defined in §72.2 of this chapter) to monitor Hg
concentration, according to the procedures described in §75.15 of this
chapter and appendix K to part 75 of this chapter.

(r) For Hg CEMS that measure Hg concentration on a dry basis or for
sorbent trap monitoring systems, the emissions data must be corrected
for the stack gas moisture content. A certified continuous moisture
monitoring system that meets the requirements of §75.11(b) of this
chapter is acceptable for this purpose. Alternatively, the appropriate
default moisture value, as specified in §75.11(b) or §75.12(b) of this
chapter, may be used.

(s) The owner or operator shall prepare and submit to the
Administrator for approval a unit-specific monitoring plan for each
monitoring system, at least 45 days before commencing certification
testing of the monitoring systems. The owner or operator shall comply
with the requirements in your plan. The plan must address the
requirements in paragraphs (s)(1) through (6) of this section.

(1) Installation of the CEMS sampling probe or other interface at a
measurement location relative to each affected process unit such that
the measurement is representative of the exhaust emissions ( e.g. , on
or downstream of the last control device);

(2) Performance and equipment specifications for the sample interface,
the pollutant concentration or parametric signal analyzer, and the data
collection and reduction systems;

(3) Performance evaluation procedures and acceptance criteria ( e.g.,
calibrations, relative accuracy test audits (RATA), etc.);

(4) Ongoing operation and maintenance procedures in accordance
with the general requirements of §60.13(d) or part 75 of this chapter
(as applicable); :

(5) Ongoing data quality assurance procedures in accordance with the
general requirements of §60.13 or part 75 of this chapter (as
applicable); and

(6) Ongoing recordkeeping and reporting procedures in accordance
with the requirements of this subpart.

() The owner or operator of an affected facility demonstrating
compliance with the output-based emissions limitation under
§60.42Da(c)(1) shall install, certify, operate, and maintain a CEMS for
measuring PM emissions according to the requirements of paragraph
(v) of this section. An owner or operator of an affected source
demonstrating compliance with the input-based emission limitation
under §60.42Da(c)(2) may install, certify, operate, and maintain a
CEMS for measuring PM emissions according to the requirements of
paragraph (v) of this section.

(u) An owner or operator of an affected source that meets the
conditions in either paragraph (u)(1), (2) or (3) of this section is
exempted from the continuous opacity monitoring system requirements
in paragraph (a) of this section and the monitoring requirements in
§60.48Da(0).

(1) A CEMS for measuring PM emissions is used to demonstrate
continuous compliance on a boiler operating day average with the
emissions limitations under §60.42Da(a)(1) or §60.42Da(c)(2) and is
installed, certified, operated, and maintained on the affected source
according to the requirements of paragraph (v) of this section; or

(2) The affected source burns only gaseous fuels and does not use a
post-combustion technology to reduce emissions of SO.or PM; or

(3) The affected source does not use post-combustion technology
(except a wet scrubber) for reducing PM, SO, or carbon monoxide



(CO) emissions, burns only natural gas, gaseous fuels, or fuel oils
that contain less than or equal to 0.30 weight percent sulfur, and
is operated such that emissions of CO to the atmasphere from the
affected source are maintained at levels less than or equal to 1.4
Ib/MWh on a boiler operating day average basis. Owners and

~ operators of affected sources electing to comply with this

paragraph must demonstrate compliance according to the
procedures specified in paragraphs (u)(3)(i) through (iv} of this
section.

(i) You must monitor CO emissions using a CEMS according to
the procedures specified in paragraphs (u)(3)(i)(A) through (D) of
this section.

(A) The CO CEMS must be installed, certified, maintained, and
operated according to the provisions in §60.58b(i)(3) of subpart
Eb of this part.

(B) Each 1-hour CO emissions average is calculated using the
data points generated by the CO CEMS expressed in parts per
million by volume corrected to 3 percent oxygen (dry basis).

(C) At a minimum, valid 1-hour CO emissions averages must be
obtained for at least 90 percent of the operating hours on a 30-
day rolling average basis. At least two data points per hour must
be used to calculate each 1-hour average.

(D) Quarterly accuracy determinations and daily calibration drift
tests for the CO CEMS must be performed in accordance with
procedure 1 in appendix F of this part.

(ii) You must calculate the 1-hour average CO emissions levels
for each boiler operating day by muttiplying the average hourly
CO output concentration measured by the CO CEMS times the
corresponding average hourly flue gas flow rate and divided by
the corresponding average hourly useful energy output from the
affected source. The 24-hour average CO emission level is
determined by calculating the arithmetic average of the hourly CO
emission levels computed for each boiler operating day.

(iif) You must evaluate the preceding 24-hour average CO
emission level each boiler operating day excluding periods of
affected source startup, shutdown, or malfunction. If the 24-hour
average CO emission level is greater than 1.4 1b/MWh, you must
initiate investigation of the relevant equipment and control
systems within 24 hours of the first discovery of the high emission
incident and, take the appropriate corrective action as soon as
practicable to adjust control settings or repair equipment to
reduce the 24-hour average CO emission level to 1.4 |b/MWh or
less.

(iv) You must record the CO measurements and calculations
performed according to paragraph (u)(3) of this section and any
corrective actions taken. The record of corrective action taken
must include the date and time during which the 24-hour average
CO emission level was greater than 1.4 Ib/MWh, and the date,
time, and description of the corrective action.

(v) The owner or operator of an affected facility using a CEMS
measuring PM emissions to meet requirements of this subpart
shalt install, certify, operate, and maintain the CEMS as specified
in paragraphs (v)(1) through (v)(3).

(1) The owner or operator shall conduct a performance evaluation
of the CEMS according to the applicable requirements of §60.13,
Performance Specification 11 in appendix B of this par, and
procedure 2 in appendix F of this part.

(2) During each relative accuracy test run of the CEMS required
by Performance Specification 11 in appendix B of this part, PM
and Oz(or CO;) data shall be collected concurrently (or within a
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30-to 60-minute period) by both the CEMS and conducting
performance tests using the following test methods.

(iy For PM, EPA Reference Method 5, 5B, or 17 of appendix A of this
part shall be used.

(ii) For Oz(or CO,), EPA Reference Method 3, 3A, or 3B of appendix A
of this part, as applicable shall be used.

(3) Quarterly accuracy determinations and daily calibration drift tests
shall be performed in accordance with procedure 2 in appendix F of

this part. Relative Response Audit's must be performed annually and
Response Correlation Audits must be performed every 3 years.

(w)(1) Except as provided for under paragraphs (w)(2), (w)(3), and
(w)(4) of this section, the SO,, NOx, CO,, and O,CEMS required under
paragraphs (b) through (d) of this section shall be installed, certified,
and operated in accordance with the applicable procedures in
Performance Specification 2 or 3 in appendix B to this part or
according to the procedures in appendices A and B to part 75 of this
chapter. Daily calibration drift assessments and quarterly accuracy
determinations shall be done in accordance with Procedure 1 in
appendix F to this part, and a data assessment report (DAR), prepared
according to section 7 of Procedure 1 in appendix F to this part, shall
be submitted with each compliance report required under §60.51Da.,
the owner or operator may elect to implement the following alternative
data accuracy assessment procedures:

(2) As an alternative to meeting the requirements of paragraph (w)(1)
of this section, an owner or operator may elect to may elect to
implement the following alternative data accuracy assessment
procedures. For all required COzand O,CEMS and for SO,and
NOxCEMS with span values greater than 100 ppm, the daily calibration
error test and calibration adjustment procedures described in sections
2.1.1 and 2.1.3 of appendix B to part 75 of this chapter may be . .
followed instead of the CD assessment procedures in Procedure 1,
section 4.1 of appendix F of this part. If this option is selected, the data
validation and out-of-control provisions in sections 2.1.4 and 2.1.5 of
appendix B to part 75 of this chapter shall be followed instead of the
excessive CD and out-of-control criteria in Procedure 1, section 4.3 of
appendix F to this part. For the purposes of data validation under this
subpart, the excessive CD and out-of-control criteria in Procedure 1,
section 4.3 of appendix F ta this part shall apply to SO,and NOxspan
values less than 100 ppm; ’

(3) As an alternative to meeting the requirements of paragraph (w)(1)
of this section, an owner or operator may elect to may elect to
implement the following alternative data accuracy assessment
procedures. For all required COand O-CEMS and for SO,and
NOxCEMS with span values greater than 30 ppm, quarterly linearity
checks may be performed in accordance with section 2.2.1 of appendix
B to part 75 of this chapter, instead of performing the cylinder gas
audits (CGAs) described in Procedure 1, section 5.1.2 of appendix F to
this part. If this option is selected: The frequency of the linearity checks
shall be as specified in section 2.2.1 of appendix B to part 75 of this
chapter; the applicable linearity specifications in section 3.2 of
appendix A to part 75 of this chapter shall be met; the data validation
and out-of-control criteria in section 2.2.3 of appendix B to part 75 of
this chapter shall be followed instead of the excessive audit inaccuracy
and out-of-control criteria in Procedure 1, section 5.2 of appendix F to
this part; and the grace period provisions in section 2.2.4 of appendix B
to part 75 of this chapter shall apply. For the purposes of data
validation under this subpart, the cylinder gas audits described in
Procedure 1, section 5.1.2 of appendix F to this part shall be
performed for SO,and NOxspan values less than or equal to 30 ppm;

(4) As an alternative to meeting the requirements of paragraph (w)(1)
of this section, an owner or operator may elect to may elect to
implement the following alternative data accuracy assessment
procedures. For SO, CO,,-and O,CEMS and-for NOxCEMS, RATAs
may be performed in accordance with section 2.3 of appendix B to part
75 of this chapter instead of following the procedures described in
Procedure 1, section 5.1.1 of appendix F to this part. If this option is
selected: The frequency of each RATA shall be as specified in section



2.3.1 of appendix B to part 75 of this chapter; the applicable
relative accuracy specifications shown in Figure 2 in appendix B
to part 75 of this chapter shall be met; the data validation and out-
of-control criteria in section 2.3.2 of appendix B to part 75 of this
chapter shall be followed instead of the excessive audit
inaccuracy and out-of-control criteria in Procedure 1, section 5.2
of appendix F to this part; and the grace period provisions in
section 2.3.3 of appendix B to part 75 of this chapter shall apply.
For the purposes of data validation under this subpart, the relative
accuracy specification in section 13.2 of Performance
Specification 2 in appendix B to this part shall be met on a
Ib/MMBtu basis for SO,(regardiess of the SO.emiission level
during the RATA), and for NOxwhen the average NOxemission
rate measured by the reference method during the RATA is less
than 0.100 Ib/MMBiu; -

(5) If the owner or operator elects to implement the alternative
data assessment procedures described in paragraphs (w)(2)
through (w)(4) of this section, each data assessment report shail
include a summary of the results of all of the RATAs, linearity
checks, CGAs, and calibration error or drift assessments required
by paragraphs (w)(2) through (w)(4) of this section.

§ 60.50Da Compliance determination
procedures and methods.

(a) In conducting the performance tests required in §60.8, the
owner or operator shall use as reference methods and
procedures the methods in appendix A of this part or the methods
and procedures as specified in this section, except as provided in
§60.8(b). Section 60.8(f) does not apply to this section for SO,and
NOx. Acceptable alternative methods are given in paragraph (e)
of this sectlon

(b) The owner or operator shall determine compllance with the
PM standards in §60.42Da as follows:

(1) The dry basis F factor (O,) procedures in Method 19 of
appendix A of this part shall be used to compute the emission rate
of PM.

(2) For the particular matter concentration, Method 5 of appendix
A of this part shall be used at affected facilities without wet FGD
systems and Method 5B of appendix A of this part shall be used
after wet FGD systems.

(i) The sampling time and sample volume for each run shall be at
least 120 minutes and 1.70 dscm (60 dscf). The probe and filter
holder heating system in the sampling train may be set to provide
an average gas temperature of no greater than 160x14 °C
(320+25 °F).

(ii) For each particulate run, the emission rate correction factor,
integrated or grab sampling and analysis procedures of Method
3B of appendix A of this part shall be used to determine the
O,concentration. The Ozsample shall be obtained simultaneously
with, and at the same traverse points as, the particulate run. If the
particulate run has more than 12 traverse points, the Oxtraverse
points may be reduced to 12 provided that Method 1 of appendix
A of this part is used to locate the 12 O,traverse points. If the grab
sampling procedure is used, the O,concentration for the run shall
be the arithmetic mean of the sample O,concentrations at all
traverse points.

(3) Method 9 of appendix A of this part and the procedures in
§60.11 shall be used to determine opacity.

(c) The owner or operator shall determine compliance with the
SO,standards in §60.43Da as follows:
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(1) The percent of potential SO,emissions (%Ps) to the atmosphere
shall be computed using the following equation:

5
oup = (100 - %R,} (100 -%R ]
' 100

Where:

%Ps = Percent of potential SO,emissions, percent;

%Rf = Percent reduction from fuel pretreatment, percent; and
%Rg = Percent reduction by SO.control system, percent.

(2) The procedures in Method 19 of appendix A of this part may be
used to determine percent reduction (%R;) of sulfur by such processes
as fuel pretreatment (physical coal cleaning, hydrodesulfurization of
fuel oil, etc.), coal pulverizers, and bottom and fly ash interactions. This
determination is optional.

(3) The procedures in Method 19 of appendix A of this part shall be
used to determine the percent SO.reduction (%Rg) of any SO,control
system. Alternatively, a combination of an “as fired” fuel monitor and
emission rates measured after the control system, following the
procedures in Method 19 of appendix A of this part, may be used if the
percent reduction is calculated using the average emission rate from
the SO,control device and the average SO,input rate from the “as -
fired" fuel analysis for 30 successive boiler operating days.

(4) The appropriate procedures in Method 19 of appendlx A of this part
shall be used to determine the emission rate.

(5) The CEMS in §60.49Da(b) and (d) shall be used to determine the
concentrations of SOand COzor O,.

(d) The owner or operator shall determine compliance with the
NOxstandard in §60.44Da as follows:

(1) The appropriate procedures in Method 19 of appendix A of this part
shall be used to determine the emission rate of NOx.

(2) The continuous monitoring system in §60.49Da(c) and (d) shall be
used to determine the concentrations of NOxand COzor O,.

(e) The owner or operator may use the following as alternatives to the
reference methods and procedures specified in this section:

(1) For Method 5 or 5B of appendix A of this part, Method 17 of
appendix A of this part may be used at facilities with or without wet
FGD systems if the stack temperature at the sampling location does
not exceed an average temperature of 160 °C (320 °F). The
procedures of §§2.1 and 2.3 of Method 5B of appendix A of this part
may be used in Method 17 of appendix A of this part only if it is used
after wet FGD systems. Method 17 of appendix A of this part shall not
be used after wet FGD systems if the effluent is saturated or taden with
water droplets.

(2) The Fcfactor (CO,) procedures in Method 19 of appendix A of this
part may be used to compute the emission rate of PM under the
stipulations of §60.46(d)(1). The CO,shall be determined in the same
manner as the O,concentration.

(f) Electric utility combined cycle gas turbines are performance tested
for PM, SO,, and NOxusing the procedures of Method 19 of appendix
A of this part. The SO.and NOxemission rates from the gas turbine
used in Method 19 of appendix A of this part calculations are
determined when the gas turbine is performance tested under subpart



GG of this part. The potential uncontrolied PM emission rate from
a gas turbine is defined as 17 ng/J (0.04 |b/MMBtu) heat input.

(g) For the purposes of determining compliance with the emission
limits in §60.45Da, the owner or operator of an electric utility
steam generating unit which is also a cageneration unit shall use
the procedures in paragraphs (g)(1) and (2) of this section to
calcufate emission rates based on efectrical output fo the grid plus
75 percent of the equivalent electrical energy (measured relative
to 1ISO conditions) in the unit's process stream.

(1) All conversions from Btu/hr unit input to MW unit output must
use equivalents found in 40 CFR 60.40(a)(1) for electric utifities (
ie., 250 MMBtu/hr input to an electric utility steam generating
unit is equivalent to 73 MW input to the electric utility steam
generating unit); 73 MW input to the electric utility steam
generating unit is equivalent to 25 MW output from the boiler
electric utility steam generating unit; therefare, 250 MMBtu input
to the electric utility steam generating unit is equivalent to 25 MW
output from the electric utility steam generating unit).

(2) Use the Equation 5 in this section to determine the
cogeneration Hg emission rate over a specific compliance period.

} 1
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Where:

ERcogen= Cogeneration Hg emission rate over a compliance period
in b/MWh;

E = Mass of Hg emitted from the stack over the same compliance
period (ib);

Vge= Amount of energy sent to the grid over the same
compliance period (MWh), and

Voarocess= Amount of energy converted to steam for process use
over the same compliance period (MWh).

(h} The owner or operator shall datermine compliance with the Hg
limit in §60.45Da according to the procedures in paragraphs (h)(1)
through (3) of this section.

(1) The initial performance test shall be commenced by the
applicable date specified in §60.8(a). The required CEMS must be
certified prior to commencing the test. The performance test
cansists of collecting hourly Hg emission data (Ib/MWh) with the
CEMS for 12 successive months of unit operation (excluding
hours of unit startup, shutdown and malfunction). The average Hg
emission rate is calculated for each month, and then the
weighted, 12-month average Hg emission rate is calculated
according to paragraph (h)(2) or (h)(3) of this section, as
appficable. If, for any month in the initial performance test, the
minimum data capture requirement in §60.490a(p)(4)(i) is not
met, the owner or operator shalf report a substitute Hg emission
rate for that month, as follows. For the first such month, the
substitute monthly Hg emission rate shall be the arithmetic
average of all valid hourly Hg emission rates recorded to date. For
any subsequent month(s) with insufficient data capture, the
substitute monthly Hg emission rate shall be the highest valid
hourly Hg emission rate recorded to date. When the 12-month
average Hg emission rate for the initial performance test is
calculated, for each month in which there was insufficient data

. capture, the substitute monthly Hg emission rate shallbe
weighted according to the number of unit operating hours in that
month. Following the initial performance test. the owner or
operator shall demonstrate compliance by calculating the
weighted average of alt monthty Hg emission rates (in Ib/MWh) for

19

each 12 successive calendar months, exciuding data obtained during
startup, shutdown, or malfunction.

(2) 'f a CEMS is used to demonstrate compliance, follow the
procedures in paragraphs (h}(2)(i) through (iii) of this section to
determine the 12-manth rolling average.

(i) Catculate the total mass of Hg emissions over a month (M), in b,
using either Equation 6 in paragraph (h)(2)(i)(A) of this section or
Equation 7 in paragraph (h)(2)(i)(B} of this section, in conjunction with
Equation 8 in paragraph (h)}(2)(i)(C) of this section.

(A} if the Hg CEMS measures Hg concentration on a wet basis, use
Equation 6 below to calculate the Hg mass emissions for each valid
hour: '

E,=KC, Oy (Eq )

Where:

E,= Hg mass emissions for the hour, (Ib);

K = Units conversion constant, .24 x 107" Ib-scm/pgm-scf;
Cw= Hourly Hgconcentration, wet basis, (ugm/scmy;

Qn= Hourly stack gas volumetric flow rate, (scth); and

= Unit operating time, i.e., the fraction of the hour for which the unit
operated. For example, th = 0.50 for a half-hour of unit operation and
1.00 for a full hour of operation.

(B) If the Hg CEMS measures Hg concentration on a dry basis, use
Equation 7 below to calculate the Hg mass emissions for each valid
hour:

Q.0t (1-B_)

E =EC Q. t (1-B_) Eg. T

Where:

£,= Hg mass emissions for the hour, (Ib);

K = Units conversion constant, 6.24 x 1 O'“lb»scm/pgm—scf;
Cy= Hourly Hg concentration, dry bésis, {(ugm/dscmy);

Q= Hourly stack gas volumetric flow rate, (scfh);

t»= Unit operating time, J.e. , the fraction of the hour for which the unit
operated; and

Bw.= Stack gas moisture content, expressed as a decimal fraction (
e.g. . for 8 percent H,O, Buws= 0.08).

(C) Use Equation 8, below, to calculate M, the total mass of Hg emitted
for the month, by summing the hourly masses derived from Equation &
or 7 (as applicabie):

M=3"E, (Eq
. L. o
Where:



" M= Total Hg mass emissions for the month, (Ib);

En= Hg mass emissions for hour “h", from Equation 6 or 7 of this
section, (Ib); and

n = Number of unit operating hours in the month with vaiid CE
and electrical output data, excluding hours of unit startup,
shutdown and malfunction.

(i) Caiculate the monthly Hg emission rate on an output basis
(Ib/MWh) using Equation 9, below. For a cogeneration unit, use
Equation 5 in paragraph (g) of this section instead.

%1

ER:;‘ Ea9

Where:
ER = Monthly Hg emission rate, (Ib/MWh);

M = Total mass of Hg emissions for the month, from Equation 8,
above, (Ib); and

P = Total electrical output for the month, for the hours used to
calculate M, (MWh).

(iii) Until 12 monthly Hg emission rates have been accumulated,
calculate and report only the monthly averages. Then, for each
subsequent calendar month, use Equation 10 below to calculate
the 12-month rolling average as a weighted average of the Hg
emission rate for the current month and the Hg emission rates for
the previous 11 months, with one exception. Calendar months in
which the unit does not operate (zero unit operating hours) shall
not be included in the 12-month rolling average.
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Where:

E.wg= Weighted 12-month rolling average Hg emission rate,
(Ib/MWh), :

ER= Monthly Hg emission rate, for month *i", (Ib/MWh); and

n = Number of unit operating hours in month "i* with valid CEM
and electrical output data, excluding hours of unit startup,
shutdown, and malfunction.

(3) If a sorbent trap monitoring system is used in lieu of a Hg
CEMS, as described in §75.15 of this chapter and in appendix K
to part 75 of this chapter, calculate the monthly Hg emission rates
using Equations 7 through 9 of this section, except that for a
particular pair of sorbent traps, Cwin Equation 7 shall be the flow-
proportional average Hg concentration measured over the data
collection period.

(i) Daily calibration drift (CD) tests and quarterly accuracy
determinations shall be performed for Hg CEMS in accordance
with Procedure 1 of appendix F to this part. For the CD
assessments, you may use either elemental mercury or mercuric
chioride (Hg® HgCl,) standards. The four quarterly accuracy
determinations shall consist of one RATA and three measurement
error (ME) tests using HgCl,standards, as described in section 8.3
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of Performance Specification 12-A in appendix B to this part (note: Hg®
standards may be used if the Hg monitor does not have a converter).
Alternatively, the owner or operator may implement the applicable
daily, weekly, quarterly, and annual quality assurance (QA)
requirements for Hg CEMS in appendix B to part 75 of this chapter, in
lieu of the QA procedures in appendices B and F to this part. Annual
RATA of sorbent trap monitoring systems shall be performed in
accordance with appendices A and B to part 75 of this chapter, and all
other quality assurance requirements specified in appendix K to part
75 of this chapter shall be met for sorbent trap monitoring systems.

§ 60.51Da Reporting requiréments.

(a) For SO,, NOx, PM, and Hg emissions, the performance test data
from the initial and subsequent performance test and from the
performance evaluation of the continuous monitors (including the
transmissometer) are submitted to the Administrator.

(b) For SO,and NOxthe following information is reported to the
Administrator for each 24-hour period.

(1) Calendar date.

(2) The average SO.and NOxemission rates (ng/J or ib/MMBtu) for
each 30 successive boiler operating days, ending with the last 30-day
period in the quarter; reasons for non-compliance with the emission
standards; and, description of corrective actions taken.

(3) Percent reduction of the potential combustion concentration of
SO,for each 30 successive boiler operating days, ending with the last
30-day period in the quarter; reasons for non-compliance with the
standard; and, description of corrective actions taken.

(4) Identification of the boiler operating days for which pollutant or
diluent data have not been obtained by an approved method for at
least 75 percent of the hours of operation of the facility; justification for
not obtaining sufficient data; and description of corrective actions
taken.

(5) Identification of the times when emissions data have been excluded
from the calcutation of average emission rates because of startup,
shutdown, malfunction (NOxonly), emergency conditions (SO.only), or
other reasons, and justification for excluding data for reasons other
than startup, shutdown, malfunction, or emergency conditions.

(6) Identification of “F” factor used for calculations, method of
determination, and type of fuel combusted.

(7) ldentification of times when hourly averages have been obtained
based on manual sampling methods.

(8) Identification of the times when the pollutant concentration
exceeded full span of the CEMS.

(9) Description of any modifications to CEMS which could affect the
ability of the CEMS to comply with Performance Specifications 2 or 3.

(c) If the minimum quantity of emission data as required by §60.49Da
is not obtained for any 30 successive boiler operating days, the
following information obtained under the requirements of §60.48Da(h)
is reported to the Administrator for that 30-day period:

(1) The number of hourly averages available for outlet emission rates
(no) and inlet emission rates (n;) as applicable.

(2) The standard deviation of hourly averages for outlet emission rates
(so) and inlet emission rates (s;) as applicable.



(3) The lower confidence limit for the mean outiet emission rate
(Eo*) and the upper confidence limit for the mean inlet emission
rate (E*) as applicable.

(4) The applicable potential combustion concentration.

(5) The ratio of the upper confidence limit for the mean outiet
emission rate (E,*) and the allowable emission rate (Eqq) as
applicable.

(d) If any standards under §60.43Da are exceeded during
emergency conditions because of contro! system malfunction, the
owner or operator of the affected facility shall submit a signed
statement:

(1) Indicating if emergency conditions existed and requirements
under §60.48Da(d) were met during each period, and

(2) Listing the following information:
(i) Time periods the emergency condition existed:;

(i) Electrical output and demand on the owner or operator's
electric utility system and the affected facility;

(iii) Amount of power purchased from interconnected neighboring

utility companies during the emergency period,;
(iv) Percent reduction in emissions achieved,

(v) Atmospheric emission rate (ng/J) of the poliutant discharged;
and

(vi) Actions taken to correct control system malfunction.

(e) !f fuel pretreatment credit toward the SO.emission standard
under §60.43Da is claimed, the owner or operator of the affected
facility shall submit a signed statement:

(1) Indicating what percentage cleaning credit was taken for the
calendar quarter, and whether the credit was determined in
accordance with the provisions of §60.50Da and Method 19 of
appendix A of this part; and

(2) Listing the quantity, heat content, and date each pretreated
fuel shipment was received during the previous quarter; the name
and location of the fuel pretreatment facility; and the total quantity
and total heat content of all fuels received at the affected facility
during the previous quarter.

(f) For any periods for which opacity, SO,0r NOxemissions data
are not available, the owner or operator of the affected facility
shall submit a signed statement indicating if any changes were
made in operation of the emission control system during the
period of data unavailability. Operations of the control system and
affected facility during periods of data unavailability are to be
compared with operation of the control system and affected
facility before and following the period of data unavailability.

(g) For Hg, the following information shall be reported fo the
Administrator:

(1) Company name and address;

(2) Date of report and beginning and ending dates of the reporting’

period;
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(3) The applicable Hg emission limit (Ib/MWh); and
(4) For each month in the reporting period:
(it The number of unit operating hours;

(i) The number of unit operating hours with valid data for Hg
concentration, stack gas flow rate, moisture (if required), and eiectrical
output;

(ii) The monthiy Hg emission rate ((b/MWhy,

(iv) The number of hours of valid data excluded from the calcufation of
the monthly Hg emission rate, due to unit startup, shutdown and
malfunction; and

(v) The 12-month rolling average Hg emission rate ({b/MWh); and

(5) The data assessment report (DAR) required by appendix F to this
part, or an equivalent summary of QA test results if the QA of part 75
of this chapter are implemented.

(h) The owner or operator of the affected facility shall submit a signed
statement indicating whether:

(1) The required CEMS calibration, span, and drift checks or other
periodic audits have or have not been performed as specified.

(2) The data used to show compliance was or was not obtained in
accordance with approved methods and procedures of this part and is
representative of plant performance.

(3) The minimum data requirements have or have notAbeen met; or, the
minimum data requirements have not been met for errors that were
unavoidable.

(4) Compliance with the standards has or has not been achieved
during the reporting period.

(i) For the purposes of the reports required under §60.7, periods of
excess emissions are defined as all 6-minute periods during which the
average opacity exceeds the applicable opacity standards under
§60.42Da(b). Opacity levels in excess of the applicable opacity
standard and the date of such excesses are to be submitted to the
Administrator each calendar quarter.

() The owner or operator of an affected facility shall submit the written
reports required under this section and subpart A to the Administrator
semiannually for each six-month period. All semiannual reports shall
be postmarked by the 30th day following the end of each six-month
period.

(k) The owner or operator of an affected facility may submit electronic
quarterly reports for SOzand/or NOxand/or opacity and/or Hg in lieu of
submitting the written reports required under paragraphs (b), (g). and
(i) of this section. The format of each quarterly electronic report shall
be coordinated with the permitting authority. The electronic report(s)
shall be submitted no later than 30 days after the end of the calendar
quarter and shall be accompanied by a certification statement from the
owner or operator, indicating whether compliance with the applicable
emission standards and minimum data requirements of this subpart
was achieved during the reporting period. Before submitting reports in
the electronic format, the owner or operator shall coordinate with the
permitting authority to obtain their agreement to submit reports in this
alternative format.



§ 60.52Da Recordkeeping requirements.

The owner or operator of an affected facility subject to the
emissions limitations in §60.45Da shall provide notifications in
accordance with §60.7(a) and shall maintain records of all
information needed to demonstrate compliance including
performance tests, monitaring data, fuel analyses, and
calculations, consistent with the requirements of §60.7(f).
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Sampling Techniques

The principal objective of sampling is to collect a contaminant or contam-
inants for subsequent analysis and/or provide an environment for real-time
measurements. Both require a system whereby gases or particles are drawn to
the surface of a collecting medium or a sensing environment. These functions
are accomplished by sampling trains which may include a vacuum pump,
vacuum trap. a flow regulator and a collecting device or sensing unit. A
bubbler type gas sampling train used to collect samples on an intermitient
basis is illustrated in Figure 7.2. Sampling trains for gases may also utilize
filters to prevent particles from entering the collection unit.

Based on the type of information desired and collection and analytical
limitations, sampling may be conducted by static, grab. intermittent or contin-
uous procedures. Such sampling procedures provide air quality data represent-
ing a range of averaging times. from the instantaneity of continuous systems 10
the 30-day average employed for some static samplers.

Static or passive sampling may involve the collection of contaminants by
the diffusion of gases to a collection medium, the sedimentation of heavy
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David C. Foerter, Executive Director
Email: dfoerter @icac.com

Chad S. Whiteman, Deputy Director
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June 29, 2004

Honorable Michael Leavitt, Administrator
U.S. Environmental Protection Agency
EPA Docket Center (Air Docket)

Mail Code: 6102T, Room B-108

1200 Pennsylvania Avenue, NW
Washington, DC 20460

Attention Docket ID No. OAR-2002-0056
Dear Administrator Leavitt:

The Institute of Clean Air Companies (ICAC) is the national trade
association of companies that supply air pollution control and monitoring
technology. Our members include nearly eighty leading suppliers of air pollution
control and monitoring technologies for stationary sources. These companies
operate and provide environmental solutions for affected industries as well as
employment opportunities across the U.S.

The Institute congratulates EPA’s efforts to propose a much-needed rule that
provides for the reduction of mercury emissions from coal- and oil-fired electric
generating facilities in order to protect public health. The Institute has a few
observations concerning the proposed Utility Mercury Reduction Rule specifically
concerning the performance of control technologies, technology guarantees,
commercial availability, control costs, by-product disposal, and availability of
construction resources. The Institute has submitted two separate sets of comments
addressing mercury control and measurement technologies.

The Institute recommends that EPA pursue a regulatory framework that
fully encompasses the capability and capacity of the air pollution control and
measurement industry to achieve substantial reductions in mercury emissions, and
then, provide regulatory flexibility to enable the most cost effective application of a
range of technologies. Based on our thorough understanding of technology
capabilities and the capacity of our industry to supply these technologies, we believe



that a 50 to 70 percent reduction in current mercury emissions is feasible by 2008 to
2010. As a result, emissions would be reduced to a maximum of 14 to 24 tons. We
note that compliance flexibility would enable a cap based on a 70 percent reduction,
with some units able to achieve reductions of 90 percent and greater, and some
units as low as 50 percent. Setting an appropriately stringent cap and then
providing compliance flexibility would moderate any performance differences at
individual units due to differences in coal, equipment, and flue gas characteristics.
However, giving priority to compliance flexibility over the adequate consideration of
a feasible emission cap, such as occurred in this proposed rule, fails to address the
public health issues.

The attached ICAC comments provide both general and detailed comment
that support the development of a mercury control rule with greater benefits.

We look forward to working with EPA on this important issue and invite you

and your staff to contact me if you have any questions.

Sincerely,

David C. Foerter
Executive Director, ICAC

Enclosure a/s



GENERAL COMMENT

The rapid development of mercury control technologies over the last several
years has produced a number of technologies that are available for the
implementation of a national mercury control regulation for coal- and oil-fired
power plants. A large number of laboratory tests and full-scale demonstrations
have been conducted that provide information on the effectiveness of controls for
various coal types and control configurations. Despite the current lack of a national
control requirement for mercury, a number of options are commercially available
while others are still in the development and testing phases.

Past experience with technology development for other pollutants (SOg, NOx,
and PM) as well as other source categories such as mobile sources, suggests that
delaying the regulation of mercury emissions from power plants would serve to
delay the development of innovative control technologies. Research and
development efforts are unlikely to be sustained at a vigorous level in the absence of
regulatory or other drivers capable of creating a viable market for advanced control
technologies. Larger markets provide more incentives for the development of
technologies as well as foster competition between vendors that produces more
innovative and cost effective solutions for affected sources. Smaller markets such as
those that may be developed with the implementation of State regulations (e.g.
Massachusetts, Connecticut, Wisconsin, New Jersey, North Carolina) are beneficial
to the air pollution control industry but will be less effective in developing healthy
markets than a timely implemented national program.

With the implementation of a national program, multiple control options
including precombustion, combustion and post combustion technologies will
contribute to meeting the required emission reductions. Coal cleaning as well as
coal switching are examples of options that have the potential to reduce mercury
emissions prior to fuel combustion.

Based on the recent test results, significant amounts of mercury can be
removed through the use of existing controls. Existing control installations such as
fabric filters, electrostatic precipitators, SOz scrubbers, and selective catalytic
reduction (SCR) are currently achieving an estimated 36% reduction in mercury
emissions even though these processes were not originally designed nor optimized
for mercury capture. This is based on EPA’s information collection request findings
that an estimated 75 tons of mercury was contained in coal burned by power plants
while 48 tons were emitted out of the stack. The current level of co-benefit control
varies significantly with some combinations of control devices and coal types
achieving as much as 90% removal and others not demonstrating any co-benefit
control. With the implementation of mercury regulation beyond incidental co-
benefit levels of control, a number of options for optimization of existing controls
will be implemented to provide cost effective reductions in a short period of time.



Mercury specific control technologies such as sorbent injection systems have
been demonstrated at full-scale. Multipollutant control approaches as well as other
mercury specific technologies have also demonstrated significant progress and will
provide additional low cost, innovative approaches to mercury control. A number of
these technologies, including sorbent injection systems as well as SCR coupled with
wet FGD, have achieved removal rates greater than 90% under certain
circumstances.

Under the Section 112 MACT proposal, EPA also made projections for
mercury control installations. These projections were based on the assumption that
the Clean Air Interstate Rule/Interstate Air Quality Rule (CAIR/IAQR) would not
be implemented and the co-benefit control from SO2 and NOx control installations
would not be realized. Based on the development and enhancement of mercury
removal from existing controls, significant reductions in mercury emissions are
likely to occur without touching the potential of currently available control
technologies. Also under the Section 112 MACT proposal, EPA did not consider ACI
technology in the development of the MACT floor as EPA stated that this
technology was not demonstrated nor commercially available (U.S. EPA, 2004).
Activated carbon injection is commercially available and has been demonstrated on
at least four full-sized coal-fired plants to-date with additional full-sized tests
scheduled later this year (see details below). Outside of the United States, the
Berrenrath 275 MW and the Wachtberg 166 MW plants in Germany operate on
carbon injection technology to control mercury. Based on this knowledge, EPA
should consider ACI in the development of the MACT floor as it is a viable
technology for the electric power sector that has also been proven in other industrial
sectors to control mercury emissions. What is contradictory in EPA’s analysis is
that they used ACI in their cost modeling exercises with the integrated planning
model (IPM) but failed to recognize this technology in setting the level of mercury
reductions for the MACT requirement.

Based on the current availability of mercury specific control options and the
near term development of other promising technologies, EPA’s own analysis (ref:
Office of Research and Development submittal to the e-docket) has indicated that a
reduction of 50-70% of current emission levels in the 2008 to 2010 timeframe is
justifiable. This corresponds to annual mercury emissions of between 14-24 tons for
the electric power sector. This level of reduction seems even more reasonable
considering that EPA estimated that the co-benefit level of mercury emissions cap
under the 2003 Clear Skies proposal was initially set at a first phase level of 26 tons
of mercury emissions in 2010. The first phase cap is somewhat below EPA’s
estimated co-benefits estimate of 30 tons, and switching by units to different coal
types with lower mercury content would be likely for compliance with mercury
control requirements. The current mercury control proposal made under the Clean
Air Act, Section 111 provisions would not create markets for technology
development nor encourage innovation as the projected mercury cap level was set at
the revised co-benefit level that is much higher at 34 tons. Additionally, EPA’s



modeling analysis does not consider the low cost reductions that will come from
enhancing existing control technologies for greater mercury capture. These
innovations will reduce the cost and overall demand for mercury specific reductions.
EPA’s projections for mercury specific control installations under the Section 111
proposal estimate that only 1 GW, or approximately two of the more than 1000 coal-
fired boilers in the U.S., would install mercury control technologies by 2010.

Concerning the regulatory mechanism used for a mercury control program,
ICAC would recommend including flexible mechanisms in the regulation that would
encourage innovation while providing a clear goal with meaningful reductions.
Examples of these types of mechanisms include early reduction incentives, market
based approaches, capital recovery programs, plant wide averaging, safety valves or
other approaches. These types of incentives combined with concrete goals would
encourage technology innovation and reduce impacts on generation mix.

The air pollution control industry already has considerable experience with
the implementation of mercury controls for other industrial sectors. Sorbent
injection has been commercially proven to augment the removal of mercury in
waste-to-energy plants. Experience controlling mercury emissions has been gained
in more than 60 US and 120 international waste-to-energy plants which burn
municipal or industrial waste or sewage sludge. For the past two decades, sorbent
injection upstream of a baghouse has been successfully used for removing mercury
from flue gases from these facilities. Other reagents used include activated carbon,
lignite coke, sulfur containing chemicals, or combinations of these compounds. The
mercury control experience gained from the municipal and industrial waste
combustors demonstrates that the air pollution control industry has been able to
control mercury in the past and is able to apply their expertise to the electric power
sector.

TECHNOLOGIES AND PERFORMANCE

The list of technologies provided below is not intended to be an exhaustive
list of the available mercury control technologies as there are many new and
emerging technologies not listed. The technologies below are just a sample of the
technologies that are currently available or under development but will be available
soon.



Sorbent Injection Systems

Injecting a sorbent such as powdered activated carbon, bromine, poly
sulfides, or other sorbent into the flue gas represents a relatively simple approach
to controlling mercury emissions from coal-fired boilers. The gas-phase mercury in
the flue gas contacts the sorbent and attaches to its surface. The sorbent with the
mercury attached is then collected by the existing particle control device, either an
electrostatic precipitator (ESP) or fabric filter (FF) as shown in Figure 1. This
combined material, consisting of 99% fly ash and 1% sorbent, is then either disposed
of or beneficially used.

Figure 1. Schematic Diagram of Sorbent Injection Process

The type of particulate control equipment installed at the plant is a key
parameter defining both the amount of sorbent that is required and the ultimate
limitation of the amount of mercury that can be removed. The two primary
particulate control devices are ESPs and fabric filters. When the sorbent is injected
into the flue gas it mixes with the gas and flows downstream. This provides an
opportunity for the mercury in the gas to contact the sorbent and be removed. This
is called “in flight” capture. The sorbent is then collected in the particulate control
device where there is a second opportunity for sorbent to contact the mercury in the
gas. Because a fabric filter provides better contact than an ESP between the sorbent
and the vapor-phase mercury, higher levels of mercury removal can be achieved at
lower sorbent rates on units with a fabric filter. Currently only 10% of the power
plants have fabric filters and the other 90% have ESPs.

Four full-scale demonstrations were conducted during 2001 and 2002 under a

cooperative agreement from the Department of Energy National Energy Technology
Laboratory (DOE/NETL), ADA-ES, PG&E National Energy Group (NEG), We



Energies, Alabama Power Company, Ontario Power, TVA, FirstEnergy, and EPRI.
Follow-on funding was received for additional tests being conducted in 2003.

The first program was completed in the spring of 2001 at the Alabama Power
E.C. Gaston Station (Bustard et al., 2002). This unit burns a low-sulfur bituminous
coal and uses a hot-side ESP followed by a COHPAC™ fabric filter as a secondary
collector for remaining fly ash. Activated carbon was injected into the fabric filter.
The second program was conducted during the fall of 2001 at the WEC Pleasant
Prairie Power Plant (PPPP) (Starns et al., 2002). This unit burns a subbituminous
Powder River Basin (PRB) coal and uses an ESP to collect the carbon and fly ash.
The third program was completed in the summer of 2002 at PG&E National Energy
Group’s Brayton Point Station (Durham et al., 2002). This unit burns low-sulfur
bituminous coals and uses ESPs for particulate control. The fourth program was
completed in the fall of 2002 at PG&E National Energy Group’s Salem Harbor
Station. Salem Harbor fires bituminous coals with an ESP for particulate control
and an SNCR system for NOy control.

Figure 2 presents full-scale data from two sites with ESPs; one bituminous
coal and the other a Powder River Basin (PRB) coal. For both cases, mercury
removal increases with increased rates of carbon injection. For the PRB coal,
mercury removal was limited to 70% across the ESP. This limitation is most likely
due to the trace amounts (< 1 ppm) of HCI available in the gas stream. For the
bituminous coal, mercury removal exceeded 90% at the highest carbon injection
rate. This coal has a high chloride content that resulted in approximately 150 ppm
of HCI.

Manual mercury measurements were made at all sites following the draft
Ontario Hydro method. Table 1 presents measurement results from the PRB test
site with carbon injected upstream of an ESP. These tests show that the overall
removal was 73% even though the majority of the mercury was in the elemental
form, which is thought to be the more difficult form to capture. In fact, the collection
efficiency was nearly identical for both elemental and oxidized mercury. This test is
typical of all of the results that validate the capability of powdered activated carbon
to capture all forms of mercury from both bituminous and subbituminous coals.



Figure 2. Mercury Removal with Activated Carbon Injection Upstream of an ESP

Table 1. Speciated Mercury Measured by the Ontario Hydro method, long-
term tests with activated carbon injection concentration = 11 Ibs/MMacf. Tests
conducted at Pleasant Prairie Power Plant in fall 2001 (note: The configuration

used at this facility made the ash unsuitable for sale).

Particulate Elemental Oxidized Total
(ng/dncm) (ng/dncm) (ng/dncm) (ug/dncm)
ESP Inlet 1.0 14.7 1.7 17.4
ESP Outlet 0 4.3 0.4 4.7
Removal 100 70.7 74.5 72.9
Efficiency (%)

Figure 3 shows performance of activated carbon injection (ACI) upstream of a
fabric filter. This plot includes full-scale data from Plant Gaston on a bituminous,
and reduced-scale tests conducted by EPRI on a PRB coal (Sjostrom, 2002a). The
data from both fabric filter test programs show that ACI can produce 90% removal
of mercury for both bituminous and subbituminous coals. Comparing the data from
the fabric filter results in Figure 3 with the ESP results in Figure 2, it can be seen
that the increased contact between the flue gas and the sorbent in the dust cake
reduces the carbon feed requirements by nearly a factor of ten.

Ontario Hydro measurements of mercury removal during ACI tests with a
fabric filter at Plant Gaston are presented in Table 2. As can be seen, the activated
carbon is effective for both species of vapor-phase mercury.



Figure 3. Mercury Removal with Activated Carbon Injection Upstream of a Fabric
Filter.

Table 2. Average Mercury Removal Efficiencies Across COHPAC™ as Measured
with the Ontario Hydro method.

Sampling Particulate Oxidized Elemental Total (ug/dncma)
Location (ug/dncmi) (ng/dncmi) (ug/dncmi)

COHPAC Inlet | 0.2 6.4 4.6 11.2

COHPAC Outlet | 0.1 0.9 0.0 1.1

Removal 50 86 99 90

Efficiency (%)

Long-Term TOXECON Field Test at E. C. Gaston Station

The results of the first field test program at Gaston provided a good
indication of the capabilities and limitations of the TOXECON technology for
controlling mercury. However, the tests were performed for a limited amount of
time, less than 200 hours of continuous operation, and did not allow for a thorough
operational analysis of the use of this technology for mercury control. In the fall of
2002, ADA-ES was selected by the DOE to continue to mature the technology and
conduct a long-term test program at the Gaston Station.




This program provides the first opportunity to evaluate activated carbon in

the TOXECON configuration for a year of operation. Although new TOXECON

units

may be designed more conservatively than COHPAC units, important long-

term operating data will be obtained through this test. Technical and financial
support on this program will be provided by Southern Company and Alabama
Power, the EPRI, Allegheny Energy, Arch Coal, Inc., FirstEnergy, Hamon Research-
Cottrell, Ontario Power Generation, Duke Power and TVA (Durham, et al., 2003).

Figure 4 shows a plot of inlet and outlet mercury concentrations and overall

mercury removal during four months of continuous operation. As can be seen, in
spite of significant variability in the inlet mercury, the system has been able to
maintain consistent levels of mercury removal with an overall average above 85%.
These results further demonstrate the effectiveness of activated carbon injection for
reducing mercury emissions. This technology is ideally suited for use on existing
coal-fired boilers as it provides the following advantages: minimal capital cost of
equipment (<$3/kW); can be retrofit with little or no downtime of the operating unit;
effective for both bituminous and subbituminous coals; and can achieve 90%
removal when used with a fabric filter that has been designed properly for carbon
injection.
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Figure 4. Inlet and Outlet Mercury Concentrations and Removal Efficiency for
Toxecon Technology During Four Months of Operation at E. C. Gaston Station

Multipollutant Control Approaches

multi

In anticipation of markets fostered by regulation or legislation, a number of
-pollutant control technologies that also reduce mercury are currently being

demonstrated. The long-term viability of these technologies for the coal-fired power
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market largely depends on meaningful regulation to enable a commercial market in
which these technologies would compete. That competition among a range of
technologies, and enabled with flexibility within regulation, leads to the availability
of increasingly cost-effective control options. Information has been included on
electro-catalytic oxidation and a pre-combustion control technologies, technologies
with vastly different approaches on how to address the same multi-pollutant
problem on coal-fired power units.

Electro-Catalytic Oxidation (ECO) is an integrated multi-pollutant control
technology that achieves major reductions in emissions of NOyx, SOz , fine
particulate matter, and mercury from the flue gas of coal-fired power plants. The
process also produces a valuable fertilizer co-product that reduces operating costs
and avoids landfill disposal of waste.

ECO treats flue gas in three steps to achieve multi-pollutant removal as
shown in Figure 5. In the first step of the process, a barrier discharge reactor
oxidizes gaseous pollutants to higher oxides. For example, nitric oxide is oxidized to
nitrogen dioxide and nitric acid, a small portion of the sulfur dioxide is converted to
sulfuric acid, and mercury is oxidized to mercuric oxide. Following the barrier
discharge reactor is an ammonia scrubber that removes the sulfur dioxide and the
oxides of nitrogen. A wet electrostatic precipitator (WESP) follows the scrubber
that in combination captures acid aerosols produced by the discharge reactor, fine
particulate matter and oxidized mercury.

Figure 5. Schematic Diagram of Electro-Catalytic Oxidation (ECO) Process

The ECO process has undergone pilot scale testing on a 1-2 MW flue gas
slipstream at FirstEnergy’s R.E. Burger Plant for 2 years. In addition, a 50 MW
commercial demonstration has been constructed at the same plant. The R.E.
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Burger Plant burns a blend of eastern bituminous and western sub-bituminous
coals with oxidized mercury being the predominant mercury species measured. The
pilot testing has been successful and has shown that the ECO process consistently
achieves 80 to 90% capture of the mercury contained in the plant’s exhaust gas.
Due to the multi-pollutant nature of this technology, the ECO pilot was also able to
achieve greater than 90% NOx removal, 98% SOz removal, and 96% removal of
particles under 3 microns in size. A mercury semi-continuous emission monitoring
system was recently installed on the 50 MW commercial demonstration unit.
Although data is not yet available, total mercury removal is projected to be 80 to
90%; consistent with results obtained during pilot testing.

Pre-combustion coal scrubbing process was developed at Stanford Research
Institute and currently holds the U.S. patent as K-Fuel. Pre-combustion cleaning of
pollutants and their precursors is another mechanism to address multi-pollutant
control issues on coal-fired power facilities, particularly the low rank coals such as
lignite and western sub-bituminous coals. The established pre-combustion
technology uses heat and pressure to physically and chemically transform low Btu,
high moisture content low-rank coals, such as western sub-bituminous coal and
lignite, into a high Btu, low moisture fuel. This coal processing technology
increases energy efficiency of sub-bituminous coal and lignite by 30-55%. An added
benefit of this technology is that 65-70% of mercury is removed, with as high as 90%
reduction in some cases, and up to 30% of SO2 and NOx removed from the initial
feedstock. During the process of removing the water, mercury is volatized and
released in the gas and water off-streams. The mercury and other pollutants are
captured with carbon filters and disposed of at permitted disposal sites. The result
is a pollutant scrubbed high energy coal. The number and geographic scope of
patents around the world that are applicable to this technology have increased
dramatically in anticipation to requirements for a wide range of coal types.

As demonstrated in Table 3, the resultant coal product improves the quality
of low-grade western and lignite coals, increasing efficiency of steam generating
units, and offering another approach for facilities to comply with air emissions
standards. Since western sub-bituminous coal is typically already low in mercury
and sulfur before refining, facilities can substitute the scrubbed coal for bituminous
coal feedstocks for significant emission reduction benefits.

Table 3. Product ComparisonBetween Sub-bituminous and Lignite, K-Fuel, and
Eastern Coal

Sub-bituminous K-Fuel™ Eastern Compliance
and Lignite Coal! Product Bituminous Coal?
Heating Value (Btu/lb) 6,850-8,804 10,637-11,683 13,210
Moisture Content (%) 26.29-45 5.74-8.0 7
Mercury (ppm) 0.0289-0.342 0.008-0.163 0.15

Source: K-Fuel test data
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1 Includes four sub-bituminous and one lignite coal feedstock used in K-Fuel tests
2 Average of Eastern Compliance Coal, USGS

The pre-combustion process employs both mechanical and thermal means to
increase the quality of sub-bituminous coal and lignite by removing moisture,
sulfur, nitrogen, mercury, and other heavy metals. Because these constituents are
removed before burning the coal at the plant, this form of control can virtually
replace the need for post-combustion controls.

The K-Fuel process diagram is given in Figure 6 below. To start the process,
raw coal is delivered directly from a mine to the coal processing facility. The coal
enters the first stage separator, developed using conventional coal cleaning
technology, where it is crushed and screened to remove the large rock and rock
material. The processed coal is then transferred to an intermediate storage facility
prior to being sent via a distribution system to the specialized thermal process. This
process essentially operates like a giant pressure cooker, utilizing Lurgi Mark IV
vessels under high pressure and temperature to place thermal stress on the coal.
The coal passes through pressure locks into the processors, and then steam is
injected into the processors at 460° F and 485 psi. The coal is maintained at these
conditions, and the mineral inclusions are fractured under the thermal stress,
removing both the included rock (containing some mercury) and sulfur-forming
pyrites. The inherent moisture of the coal also released.

After being treated for a sufficient time in the main processor, the coal is
discharged into a second pressurized lock, which is sealed off from the primary
reactor. After sealing, the processor pressure is vented into a water condenser to
return the processor to atmospheric pressure, and to flash cool the coal to
approximately 200°F. The coal is then discharged onto a belt and further cooled by
convection and indirect cooling. Following cooling, the coal is sent to a second stage
separator for additional screening to remove sulfur- and mercury-containing
material liberated by the thermal process. Water liberated from the coal is removed
at various points in the process. This water, along with some condensed process
steam, is either sent directly to treatment or is reused within the process. The water
treatment system removes coal fines and hydrocarbon compounds liberated from
the coal in the processor, and uses carbon filtering to remove mercury and other
heavy metals that were released from the coal and rock. The waste products
(carbon, mercury, and heavy metals) from the filtering process are sent to a
qualified, permitted disposal site for final disposition.

Third party and company tests have demonstrated the clean-burning
qualities of the patented pre-combustion product. Results reported in 2002
indicated the ability to achieve 70% mercury removal when using Wyoming Wyodak
sub-bituminous coal, and up to 65% mercury removal when using Louisiana Dolet
Hills lignite coal.
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Figure 6. K-Fuel Thermal Processing Plant

The first commercial 750,000 ton per year K-Fuel plant will be in operation
by the end of the first quarter of 2005 near Gillette, Wyoming. In early May 2004,
the company announced an agreement-in-principle to locate the first commercial K-
Fuel plant at the Buckskin Mine, north of Gillette. The Buckskin mine has the
potential to be expanded to 8 million tons per year of capacity. In addition, the
company announced a signed agreement to purchase the Fort Union Mine site and
related facilities.

The commercial plant currently under development is fully funded and
approximately two-thirds of the production from the initial 750,000 tons per year
plant has been committed, with the balance to be used for test burns to facilitate
future contract commitments, for plant expansions, and future coal processing
facilities. There are plans to own and operate coal processing production facilities,
as well as license the technology to third parties. These coal processing facilities
plants are built using proven, off-the-shelf, modular equipment designed by Lurgi
SA, that allows for adding capacity to each plant as demand grows.

Enhancing Control Through Existing Control Technologies
Mercury may be removed from the flue gas of coal-fired boilers to a greater or
lesser extent by devices such as electrostatic precipitators, baghouses, SCRs, and

SOgq scrubbers used to control other emissions. The efficiency of such co-beneficial
collection depends on the specific equipment and operating parameters, as well as
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on the chemical form of mercury in the flue gas, which in turn is influenced by fuel
composition and combustion parameters.

Sorbent addition in wet scrubbers has been shown to be highly effective in
capturing the oxidized portion of mercury in the vapor phase in boiler flue gas. This
1s because vaporous mercury that is in an oxidized rather than elemental form is
soluble. Scrubbers have been shown to be highly effective in capturing the oxidized
mercury in the vapor phase in boiler flue gas, on the order of 60-80% depending on
site specifics and fuel factors. Addition of sulfides is being used to retain the
mercury in solution and prevent a small fraction of the captured mercury that can
potentially be re-emitted as elemental mercury.

Wet FGD systems are currently installed on about 25 percent of the coal-fired
utility generating capacity in the U.S., representing about 15 percent of the total
number of coal-fired units. Depending on the effects of the operating parameters,
FGD systems can provide a cost-effective, near-term mercury emissions control
option with a proven history of commercial operation. For boilers already equipped
with FGD systems, the incremental cost of any vapor-phase mercury removal
achieved i1s minimal. To be widely accepted and implemented, technical approaches
that improve mercury removal performance for wet FGD systems should also have
low incremental costs and have little or no impact on operation and SOz removal
performance.

Mercury Oxidation in Selective Catalytic Reduction System: The speciation of
mercury is known to have a significant impact on the ability of air pollution control
devices to capture mercury. The oxidized form of mercury is highly water soluble,
therefore, it is easier to capture in wet FGD systems than the elemental form of
mercury which is not water-soluble. The oxidized form of mercury is also more
easily adsorbed than elemental mercury on unburned carbon in the flyash and on
injected sorbents. SCR catalysts act to oxidize a significant portion of the elemental
mercury, making it easier to remove it in downstream wet FGD systems or PM
collection sevices.

SCRs are already used for reducing NOx emissions on close to 100 GW of the
approximately 310 GW of coal-fired capacity in the U.S. Additional SCR
installations are projected to occur due to existing ozone-related rules including:
NOx SIP call, State Regulations and the proposed CAIR/IAQR. SCR catalyst is
known to oxidize elemental mercury to oxidized mercury forms such as HgCls that
are more easily captured and removed by downstream air pollution control
equipment (Lee et al., 2003). Mercury oxidation is enhanced by lower temperature,
higher coal chlorine content, and increased residence time. Due to the low gas-
phase chlorine in flue gases from low-rank coals (e.g. sub-bituminous coals such as
PRB), the mercury oxidation level over SCR catalyst has been found not to be as
high as it is for flue gases in bituminous-fired units.
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A number of simple approaches can achieve more mercury emissions control
in a shorter timeframe. Under the NOx SIP call, a cap-and-trade program to reduce
NOx emissions from power plants in 19 northeastern states and the District of
Columbia is being implemented starting in May 2004. The emission limits
governing affected sources under the NOx SIP call only apply during a five-month
ozone season from May through September. Year-round operation of the SCRs at
those units could achieve greater mercury co-benefits as soon as implemented.
Additionally, if SCRs are run October to April without ammonia injection, the
absence of ammonia would result in higher mercury oxidation levels and thus
downstream capture for all coal types where downstream FGD or PM capture
devices will be in place. It is expected that many SCR installations will go to year-
round operation under the existing and proposed rules, but early implementation of
this approach can provide quicker co-benefits without the addition of new
equipment.

If SCRs are run October to April with ammonia injection, the co-benefit of
mercury oxidation will likely not be as high as mercury oxidation is inhibited by
ammonia. However, it would still contribute significant mercury emissions control
co-benefits due to full-year operation versus ozone season where effective
downstream capture equipment is in place such as wet FGD.

Another approach would be to add an extra layer of catalyst to the existing
SCR installations. The extra layer would be effective for both NOx and mercury
oxidation. Mercury oxidation would be enhanced due to the lower ammonia
concentration in the last layer. The additional benefits include both additional NOx
reduction, that would generate valuable NOx credits to defray the cost of the
catalyst or even generate a net benefit, as well as higher co-benefits for mercury
emissions control. Most or maybe all SCR installations in the U.S. already have
provision for one or more extra layers built into the ductwork so that no additional
construction would be needed to implement this approach and would have the
highest co-benefit mercury capture where wet FGD or other effective capture
equipment is in place downstream of the SCR.

New technologies are being developed for mercury oxidation across an SCR
that inject chloride prior to the catalyst. The enhanced mercury oxidation is due to
improved thermodynamics at regular SCR operating temperatures due to higher
flue gas chloride concentrations which otherwise limits the extent of Hg oxidation
possible. At low chloride levels, thermodynamics limit the extent of Hg oxidation
that is possible. The higher chloride concentration makes the reaction possible
while the catalyst speeds it up. This new patented technology will be especially
useful for low-rank coals and will be ready for implementation in a short time
horizon. This technology should greatly enhance the mercury co-benefits for sub-
bituminous and lignite installations that have or will have SCR installations for
NOx control and where effective downstream capture equipment is or will be in
place. It is expected that chloride concentrations downstream of the SCR would be
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no higher than typical chloride flue gas levels seen in average bituminous-fired
units, and that chloride injection would not be necessary for flue gases already
having high chloride levels.

CAPITAL AND OPERATING COSTS

Levelized capital and operating costs are generally low for mercury control
approaches compared to new full-scale installation costs for control of criteria
pollutants such as NOx and SO2. This is true for mercury control through
enhancements to existing equipment such as SCR and wet FGD, as well as for
installation of new equipment for mercury specific control technologies such as
sorbent injection. In addition, the costs for mercury specific controls will likely
decrease over time as more is learned about current approaches and new ideas are
tested as has been seen in prior experience curves for pollution control equipment.

The costs for activated carbon injection technology consists of capital
equipment and operating costs. The capital costs to retrofit an existing facility will
depend on site-specific issues. Generally, the uninstalled cost for the sorbent
injection equipment for power plants generating 100 to 500 MW is in the range of
$600,000 to $1,000,000. The primary operating cost and the largest cost element for
the technology is the cost of the throwaway sorbent. Figure 6 shows a plot of the
sorbent costs in mils/kWh for both bituminous and subbituminous coals. For a unit
with an ESP, the cost of the sorbent would be approximately 1.2 — 1.5 mils/kWh to
achieve 60 to 70% mercury removal for both types of coals. If a unit has a fabric
filter, it is expected that up to 90% mercury removal can be achieved at a sorbent
cost of between 0.3 - 0.4 mils/kWh.

One option that a plant might consider is to trade off capital costs for
operating costs by installing a fabric filter to reduce sorbent requirements. The cost
of a pulse jet fabric filter designed for the collection of the injected activated carbon
would be $40 - $50/kW and would result in a factor of three reduction in sorbent
costs while achieving up to 90% mercury removal. This is an example of the
importance of a regulation that gives the utility flexibility in how to achieve
mercury reduction at each site.
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Figure 6. Costs of Sorbents for Mercury Control at Coal-Fired Power Plants.

As the ECO process is a multipollutant technology, the costs incorporate
control of SO2, NOx, PM and mercury and are considerably higher. For the
development of a compliance strategy for a particular unit, one must weigh the cost
of control installations for individual pollutants such as scrubbers for SO2, SCR or
SNCR for NOy, fabric filters for PM, etc. The capital cost associated with an ECO
installation is estimated to be $200/kW, including balance of plant modifications.
The operating costs are estimated to be 2.5 mils/kWh.

For the precombustion control option, the marketplace would ultimately
establish the per ton price for clean, pre-combusted western sub-bituminous and lignite
coal. K-Fuel would compete with eastern coal of a similar Btu heat value.

An analysis of the cost for the SCR mercury optimization options outlined above,
as well as the new chloride injection technology is in progress and will be submitted to
EPA shortly. The analysis looks only at the amount of electric generating capacity that
1s projected to be equipped with both SCR and wet FGD in the year 2010

SCR catalyst is already used for reducing NOx emissions on about 100 GW of the
approximately 300 GW of coal-fired capacity in the U.S. Currently, there is
approximately 25 GW of coal-fired electric generating capacity in the U.S. equipped
with both SCR and wet FGD. The amount of capacity equipped with both SCR and wet
FGD is projected to rise to about 40 GW by 2005 and to about 93 GW by 2010 as
companies install new control equipment to comply with NOy requirements related to
the NOx SIP call and SO2 and NOx requirements related to the proposed Clean Air
Interstate Rule. About 94 percent of the projected capacity equipped with both wet
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FGD and SCR is expected to burn bituminous coal, with the remaining six percent
burning sub-bituminous.

The in-progress analysis examines the mercury removal performance, associated
costs of several optimization options, combinations of options for enhanced Hg
oxidation, and capture for units that would be equipped with both SCR and wet FGD in
the year 2010 with and without chloride injection technology.! The analysis of the
options for mercury control through SCR enhancements will be submitted to EPA
shortly.

Option 1—Operating SCRs Year-Round

Option 2—Installing an Additional Layer of SCR Catalyst

Option 3—Combination of Options 1 and 2, With Ammonia Injection

Option 4—Combination of Options 1 and 2, With No Ammonia Injection During
the Non-Ozone Season (October 1-April 30)

Option 5--Chloride Injection

CONTROL TECHNOLOGY GUARANTEES

Mercury reduction regulations are currently being implemented in certain
states such as Massachusetts, New Jersey, Wisconsin, North Carolina, and
Connecticut. In addition, new power plants being planned are required to meet
Maximum Achievable Control Technology (MACT) requirements for mercury.
Carbon injection is being specified as the MACT technology for most of these new
coal-fired power plants. Because of these state regulations and the new power
projects, there is a significant amount of commercial activity for mercury control
technologies. Bids are being requested from power companies for equipment to
meet these emissions regulations and many require guarantees.

Guarantees of mercury control are being offered commercially in the
marketplace today for many plant configurations and coal types. For mercury
control technologies consisting of carbon injection systems followed by a particulate
collector, such as a fabric filter or ESP, performance guarantees have been provided
to firm customer specifications on commercial projects in various stages of
development. These guarantees have included performance guarantees for mercury
emissions and powdered activated carbon consumption that are contingent on coal
type, coal mercury content, existing flue gas cleaning equipment, and plant
operational data. The frequency of the compliance requirements; such as whether
the guarantee would be based on hourly, daily or monthly average; would also
influence the level of the guarantee. Generally, the process for developing
guarantees for mercury control is the process that is common to development of
guarantees for control of other air pollutants.
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Vendors will guarantee a given emission rate for a specified range of coals
having specified mercury content. They would generally not provide a collection
efficiency guarantee since that would be progressively more difficult to meet the less
mercury there is in the coal. For example, a coal with a mean mercury content of
0.15 ppm would typically be provided a guaranteed emission value between 1.5 —
7.0 micrograms Hg /Nm3 (corresponding to between 90 to 50 % removal efficiency
respectively), all depending on the factors listed above. This issue could be
simplified with a regulation that had a dual limit of a lower emission rate and a
maximum efficiency. Given a longer compliance period, such as a yearly average, it
1s expected that guarantees for higher removal efficiencies would be provided for the
vast majority of plants compared to shorter averaging periods.

Guarantees can be provided for the oxidation performance of mercury across
an SCR. Mercury oxidation activity is adequately sustained with SCR catalyst over
its lifetime for NOx reductions. Based upon studies in the literature and data from
vendor studies, the activity decline rate is similar to the De- NOx decline rate.
Coupled with predictive models for mercury oxidation that are being validated with
full-scale data, performance guarantees can be provided.

At this point in the commercialization of mercury control equipment, the
guarantees will likely be more conservative than in the coming few years. As with
other air pollution control technologies such as wet scrubbers for SOz control and
selective catalytic reduction for NOx control, the more mercury control equipment
that is installed and more experience gained, the tighter and more aggressive
guarantees will become. In fact, some customers have not requested performance
guarantees for criteria pollutant control technologies as the technologies are well
established and able to easily meet the state and federal requirements.

In general, the guarantees provided for mercury controls are provided in the
same manner that guarantees are provided for SOz, NOx and PM control
technologies. The industry source will request a bid for a particular situation based
on their regulatory requirements. The vendor will then submit a proposal based on
the specific site characteristics defining the emission rate that is achievable and can
be guaranteed for that specific application. After the control installation has been
completed, testing will be performed to verify that the emissions guarantee has
been met. The vendor may provide a ‘make right’ statement in the guarantee that
the vendor will have a window of time, typically up to twelve months, to make
adjustments to the technology if the guaranteed level was not initially satisfied.
This 1s the general approach that is taken by vendors when guaranteeing a control
technology installation whether it is for a SO2, NOyx, PM or mercury control.

COMMERCIAL AVAILABILITY OF CONTROL TECHNOLOGIES
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A number of air pollution control technologies for mercury control from power
plants are commercially available or will be available by the end of the 2004.
Mercury specific control technologies such as activated carbon injection systems are
currently available and have already been used on full-scale systems for the power
sector as well as for other industrial sectors. These systems can be applied to any
plant configuration and coal type.

A number of mercury control approaches can be applied through the
utilization of existing air pollution control equipment. These applications have the
potential to provide immediate mercury control benefits and require little if any
capital investment. For plants that already have an SCR installation, a promising
technology that adds a reagent across an SCR catalyst is expected to be available in
2005. A U.S. patent was granted in October of 2003 that uses a chlorinating agent
and ammonia to accomplish the simultaneous reduction of NOx and oxidation of
mercury over SCR catalyst. This technology has been successfully demonstrated in
pilot work and will be tested on a much larger scale.

In addition, adding an additional layer of catalyst to existing SCR
installations, and/or running existing SCR installations year-round, are viable
options that increase the oxidized form of mercury making it easier to capture in
existing downstream control equipment. This technology is immediately available
to almost one-third of the coal-fired electric power sector due to the almost 100 GW
of SCR installations for the NOx SIP call, and is likely to pay for itself in the best
plant configurations depending on the value of additional NOx credited generated.

Other technologies such as the multipollutant ECO process are in the
commercial demonstration stage. Pilot studies on smaller slip streams have been
performed for 24 months and a 50 MW demonstration is in the beginning stages of
operation. Based on successful commercial demonstration, the ECO technology is
expected to be commercially available in late 2004.

WASTE STREAM DISPOSAL

Since the purpose of controlling emissions from coal-fired boilers is to reduce
potential buildup of mercury compounds in lakes and streams and ultimately to
protect public health, the stability of the captured mercury in the ash and other coal
combustion byproducts (CCBs) is a critical component of the overall control scheme.
The ICR program showed that currently approximately 30 tons per year of mercury
1s contained in CCBs. Pending mercury control regulations could result in an
additional 20 to 40 tons per year of mercury in CCBs.

In the U.S., approximately 67% of all fly ash produced from utility coal
combustion is disposed of in landfills or surface impoundments. The remaining 33%
1s used for a variety of commercial applications. There are approximately 600 waste
disposal sites for CCBs in the U.S.; half are landfills and half are surface
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impoundments. Note here that CCBs include other waste streams such as bottom
ash and scrubber sludge. A 1999 EPA study estimated that about half of the CCB
landfills and a little less than a third of the surface impoundments have some type
of liner, the most common type being compacted clay (Senior et al., 2002).

Volatilization of mercury from landfills was estimated by EPA to be small. To
date, there has been no evidence based on laboratory leaching studies for leaching
of large amounts of mercury from fly ash under landfill conditions. Leaching
appears to be the most likely pathway for liberation of mercury from fly ash.
Volatilization may be important for certain applications of fly ash as filler in
concrete applications. Volatilization is, of course, the primary pathway for mercury
release to the atmosphere if fly ash is used as a raw material in cement kilns.
However, volatilization will be complete in this case.

PAC-injection applied to coal-fired boilers will result in the fly ash being
mixed with a certain amount of mercury-containing sorbent. This material will be
sent to land disposal or used in specific applications (assuming that the presence of
the sorbent is compatible with the application). Since the mercury on the spent
sorbent may be present in a different form than on fly ash, it is necessary to
consider what might be the most likely routes for release of mercury in sorbent-fly
ash mixtures and how sorbent-containing coal utilization byproducts (CUBs) should
be tested.

Senior et al., (2002) evaluated samples of ash with activated carbon from two
ADA-ES field demonstration programs. The Gaston sample (the product of a
bituminous coal) had a high LLOI and mercury content, in spite of the low sorbent
injection rate, because most of the ash was removed upstream of the COHPAC
baghouse by a hot-side ESP. Thus the sample had a relatively high proportion of
sorbent. The Pleasant Prairie sample (the product of a subbituminous coal) had a
low LOI and mercury content. Sorbent was injected upstream of an ESP and was
combined with the full ash stream. The LOI and mercury content were much lower
than the Gaston sample. Little or no mercury was detected with leaching tests
including TCLP, SGLP (including 30- and 60-day leaching), and sulfuric acid leach
(bituminous ash). Samples were also analyzed by CONSOL as part of a DOE
program. They also found no leaching of mercury from activated carbon (Withum et
al., 2002).

Although the ash with activated carbon appears to be highly stable, initial
testing with a PRB ash determined that the presence of even trace amounts of
activated carbon in the ash rendered the material unacceptable for use in concrete.
Even though the Pleasant Prairie (PRB) ash conformed to the ASTM C-618
standard for Class C fly ash, it did not pass the Foam Index test that is also
required for sale of this ash for use in concrete formulation. These are field tests
used to determine the amount of Air Entrainment Additives needed to meet freeze-
thaw requirements. This means that with activated carbon injection, the plant
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would not only lose revenues from ash sales, it would incur additional expenses to
landfill the material.

For the multipollutant ECO technology, it is important to note that the
mercury is removed from the co-product stream and is isolated for disposal. The
stream 1s pumped through an activated carbon adsorption bed, which strongly
adsorbs mercury compounds to the bed. The mercury is disposed of as a hazardous
waste, and the spent activated carbon is replaced in the ECO process. It is
estimated that the variable cost of mercury removal with activated carbon in the
ECO process is $800 per pound of mercury, including the sorbent media and its
disposal.

During the K-Fuel process, mercury is volatized and released from the coal in
both the gaseous and liquid phases. The mercury and other heavy metals and
pollutants are captured with carbon filters and disposed of at permitted disposal
sites. The pre-combustion process captures these pollutants in a highly
concentrated form compared to post-combustion technologies, thereby creating less
waste. The process can achieve significant savings in waste disposal compared to
post-combustion technology as tests have shown 5-10 times less solid waste disposal
for pre-combustion technology versus post-combustion technology. The quality of
the ash produced by the power plant is maintained as a usable, salable product.

RESOURCES FOR ENHANCEMENT OF EXISTING EQUIPMENT AND
INSTALLATION OF NEW EQUIPMENT

SCR Catalyst: The SCR catalyst industry for coal-fired systems is a recent
example of how quickly companies are able to build new production capacity in
response to a significant jump in demand over a short period of time. The air
pollution control industry installed close to 100 GW of SCRs over the last several
years, with approximately 40 GW being installed in one year, in response to
regulations requiring reductions in summer time NOx emissions. This caused the
catalyst manufacturers to more than double their SCR catalyst production to meet
the market demand. SCR catalyst for enhanced SCR mercury oxidation is readily
available due to overcapacity in this manufacturing sector. We estimate that extra
SCR catalyst for SCR enhanced mercury oxidation approaches (extra layer and/or
year-round operation) can be manufactured in one year. This would include all
existing and projected SCR systems in 2010 under EPA’s scenarios for existing rules
plus the CAIR/TAQR. Installation manpower is not a limiting factor for catalyst
addition.

Activated Carbon Injection: In general, the resources needed for the
construction and operation of activated carbon injection technologies is significantly
smaller than those required for the installation of SOz scrubbers and selective
catalytic reduction units. The areas investigated for mercury control options
includes the availability of sorbent (specifically activated carbon) and the
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availability of skilled labor assuming fabric filter installations along with carbon
Injection systems.

Activated carbon injection systems consists of a bulk-storage silo and twin
blower/feeder systems to convey the activated carbon from the silo to the flue gas
duct. The feeder system is typically designed to deliver 750 lb/hr of activated
carbon. PAC is delivered in bulk pneumatic trucks and loaded into the silo. The silo
1s equipped with a bin vent bag filter to prevent activated carbon from escaping
during the transfer process. From the two discharge legs of the silo, the reagent is
metered by variable speed screw feeders into eductors that provide the motive force
to carry the reagent to the injection point. Regenerative blowers provide the
conveying air to suspend the activated carbon so that it can be transferred to the
flue gas duct. A programmable logic controller (PLC) system is used to control the
system operation and adjust injection rates. Figure 7 is a photograph of the sorbent
silo and feeder train designed and installed to treat a 150 MW boiler. Hard piping
carries the reagent from the feeders to distribution manifolds located on the ESP
inlet duct, feeding the injection probes.

An activated carbon injection system can be installed in less than 6 months
including the design, installation, and equipment testing which is significantly less
than EPA estimated in their Engineering and Economic Factors Analysis (U.S.
EPA, 2002). These are the installation times that have been typical for the current
set of DOE demonstration projects. The injection systems; including the silo,
feeders, controllers, etc., are commonly used in numerous industries, therefore, the
production capacity far exceeds the incremental demand from any mercury rule for
power plants. One silo company that was surveyed by ICAC indicated that they
alone could produce 1500 silos in a single year. By comparison, EPA estimates that
only 2 GW of ACI systems, approximately 4 coal-fired units, would be installed by
2010 assuming the simultaneous implementation of the Clean Air Interstate Rule
(CAIR). Assuming that the CAIR rule were not implemented, EPA estimated that
63 GW of ACI systems, approximately 126 coal-fired units, would need to be
installed. In either case, the supply of hardware for activated carbon injection
systems can easily be accommodated by existing production capacity.

The most commonly used sorbent for mercury control has been activated
carbon. For the past two decades, powdered activated carbon injection upstream of a
baghouse has been successfully used for removing mercury from flue gases from
municipal and hazardous waste combustors. Activated carbon is carbon that has
been “treated” to produce certain properties such as surface area, pore volume, and
pore size. Activated carbon can be manufactured from a variety of sources (e.g.,
lignite, peat, coal, wood). More commonly, steam is used for activation, which
requires carbonization at high temperatures in an oxygen-lean environment. As
some carbon atoms are vaporized, the desired highly porous activated carbon is
produced. Commercially, activated carbons are available in a range of particle sizes,
as well as other characteristics that are needed for a specific application.

24



Figure 7. Carbon Injection Storage Silo and Feeder Trains for 150 MW.

A survey of the major suppliers of activated carbon in the U.S. and abroad
demonstrates the amount of material that could be made available for this market
with current production capacity (Durham, 2003). The results are presented in
Table 4. The excess production capacity in the U.S. is approximately 62,000 tons per
year. There is an additional 190,000 tons of AC that is available from China and
Germany for this market. Chinese activated carbons are currently flooding the U.S.
market and competing for the water treatment business.

The total excess capacity of activated carbon from foreign and domestic
sources 1s approximately 250,000 tons per year. Table 5 presents an estimation of
how many plants could be treated by this material in response to a mercury control
regulation. The market share depends upon whether the activated carbon is used in
conjunction with ESPs or fabric filters. The full-scale data indicate that mercury
removal in the 50 to 70% range can be achieved with an ESP at a feed rate of 10
Ib/MMacf, whereas 70 to 90% removal could be achieved with a fabric filter at one-
third the feed rate. Therefore, if the 250,000 tons per year were applied to ESPs,
then 120 of the 1,100 plants could be treated. However, if new fabric filters were
installed on many plants, it would be possible to treat 400 units with this same
amount of material without increasing the current production capacity.

25



Table 4. Estimates of Excess Production Capacity of Activated Carbon that could be
Available for the U.S. Utility Market.

AC Source O oroduction in Tonslyear
NORIT Americas 22,500
Other U.S. Suppliers 40,000
Total U.S. Excess Capacity 62,500
Rheinbraun (Germany) 130,000
CarboChem (China) 60,000
Total Import Excess Capacity 190,000
Total U.S. and Import Excess Capacity 252,500

Table 5. Estimate of the Number of 250 MW Power Plants that could be Treated
with Activated Carbon from Current Excess Capacity.

Excess Capacity | ESPs (50-70%) FFs (70-90%)

Tons/yr
U.S. AC 62,000 30 99
Total U.S. plus 252,000 120 400

Imports

A new mercury regulation would create a significant new market for
activated carbon. All of the activated carbon manufacturers that were surveyed
expressed a strong interest in investing significant capital in building new
production facilities to provide sorbents for the utility market. In order to build new
production capacity, between a two- to four-year period would be needed to expand
production. However, all of the activated carbon suppliers said that they would be
hesitant to invest capital resources to increase capacity based only on the promise of
a new regulation. A decade or so ago, the AC industry increased capacity when EPA
announced that they were going to tighten up drinking water standards. After the
new capacity was added, EPA did not follow up with new regulations, which
produced a glut of activated carbon. Some companies went out of business because
of this, and the industry as a whole is just now recovering. As a result, it is unlikely
that new AC production will move beyond the planning stages until there is the
certainty of a regulation.

EPA’s Economic and Energy Impact Analysis for the Proposed Utility
MACT Rulemaking did not specify the number of fabric filters that would be
installed along with the ACI systems to control mercury. The fabric filters, such as
those used in the COHPAC and TOXECON systems would be added downstream of
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the existing particulate control device and would be installed following the sorbent
injection system to collect the waste sorbent. The fabric filters that would be
installed for these types of control applications would typically be smaller than the
fabric filter that would be built as a dedicated particulate control device. EPA
estimates that only 2 GW of ACI would be installed by 2010 assuming the
simultaneous implementation of the CAIR rule. This would mean that
approximately four units would need a fabric filter for mercury control. If for some
reason the CAIR rule were not simultaneously implemented, EPA estimates that
approximately 63 GW of ACI controls would be needed. Conservatively assuming
that all 63 GW would need the smaller sized fabric filter would not provide a
difficult installation challenge especially under the assumption that an additional
63 GW of SO2 (49 GW of scrubbers) and NOx (24 GW of SCR) controls would not be
installed if CAIR were not implemented during the same timeframe.

ECO Technology: The ECO technology is expected to be installed and
commissioned within 24 to 30 months after order placement. The components of
this system, including the WESP, are commonly used for air pollution control. A
picture of the 50 MW ECO commercial demonstration is provided in Figure 8. The
predominant reagent used in ECO is ammonia. The ammonia can be supplied to the
system in any form—anhydrous, aqueous of any concentration, or even from
systems that generate ammonia from urea. All the ammonia that goes into the ECO
system becomes part of the ammonia sulfate co-product (Boyle, 2003). Ammonia
sulfate is a valued fertilizer both for its sulfur content and for its nitrogen content.
The largest use of ammonia in the US is as a nitrogen fertilizer. Some of the
ammonia is applied to fields directly, but most of it is converted to a more
convenient form of nitrogen, either a liquid such as urea ammonium nitrate or a
solid, such as granulated urea. The processing of ammonia into other forms of
nitrogen is becoming more common as the difficulties of handling pure ammonia in
an agricultural environment increase.
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Figure 8. 50-MW ECO Commercial Demonstration Unit at FirstEnergy’s R.E.
Burger Plant

CONCLUSIONS

ICAC would recommend that a reduction of 50-70% of current emission levels
in the 2008 to 2010 timeframe be targeted and that it is achievable via
enhancements in existing SCR and wet FGD pollution control technologies as well
as installation of mercury specific sorbent injection systems. ICAC would also
recommend including flexible mechanisms in the regulation that encourage
innovation while providing clear goals and meaningful reductions. This type of
approach would provide cost effective solutions and minimize impacts on generation
mix.

Flexible mechanisms are important for mercury control technology for a
variety of reasons. Some examples of these types of concepts include but are not
limited to the following: early reduction incentives, market based approaches,
capital recovery programs, plant wide averaging, safety valves or other approaches.
The cost of the control technology is related to the size of the plant treated so that
two plants of identical size but with a factor of ten differences in emissions would
have almost the same capital and operating costs. Therefore, the cost per pound of
mercury removed would be ten times higher for the low-emission plant. Flexible
mechanisms would provide a means to level the playing field and actually create
incentives for the power companies to treat the higher emitting plants, thus,
making the largest amount of reductions in total mercury emissions while
minimizing costs.
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These incentives would also alleviate some of the issues related to differences
and uncertainties in performances due to plant-by-plant variations in coal
characteristics and equipment design. This will significantly reduce risk for both
the air pollution control technology vendor and the power company purchasing
mercury control technology. Certain incentives would mitigate risk and reward
early compliance for plants that install equipment. This would increase the
experience base which will decrease uncertainty and make it possible to provide
more aggressive performance guarantees.
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Good morning. I’'m Dave Foerter, Executive Director for the Institute of Clean Air
Companies (“ICAC” or “the Ingtitute”).

The Institute is the nonprofit, national association of companies that manufacture,
supply, and service air pollution control and monitoring systems for a broad range of air
pollutants, including mercury from power plant and industrial sources. The Institute
represents a diverse group of approximately eighty companies dedicated to air pollution
control. Assuch, the Institute represents the full range of competing technologies, rather
than any single technology. Inthe few minutes| have here this morning, I’ll begin with
the “bottom-line.”

Our industry believes that a 50 to 70 percent reduction from current mercury
emissions of 48 tons per year is feasible by 2008 to 2010. Asaresult, over the next 4 to
6 years, it is reasonable and cost-effective to achieve a utility mercury budget of 14 to 24
tons. Theair pollution control industry has both the technology and the resources to
exceed the magnitude of NOy, SO,, PM, 5, and mercury reductions, and in a shorter time
frame than proposed by the U.S. Environmental Protection Agency (EPA).

It isimportant to remind ourselves that air pollution control technology markets have
historically worked well. Studies show that the certainty of regulatory drivers spurs
technical performance and cost improvement. And total costs fall dramatically as control
technology moves from R& D to full-scale commercialization. It isreasonable to assume
that even with the tremendous technological achievements already made, the traditional
successful operation of the air pollution control market will also apply to the
development and enhancement of mercury emission controls. The key to well-
functioning markets is regulatory certainty. If the goal is technological innovation, then
it isimportant to enact a clear, certain, performance-based mandate. While the Institute
advocates flexibility in meeting control requirements, that compliance flexibility should
be considered only after setting emissions budgets that adequately protect public health
and make use of the capabilities of control technology.

One technology in particular, activated carbon injection, has been used for at least a
decade in the waste to energy industry to achieve mercury reductions of at least 80 to 90
percent. Thistechnology has been successfully transferred to the power sector for



commercial use. Activated carbon injection provides arelatively low cost solution, with
very little capital investment and relatively low operating costs. In addition, control
performance can be increased and operating cost decreased, if activated carbon injection
is coupled with fabric filter particulate control devices. In an intensive effort over the last
five years, thistechnology has been rigorously demonstrated through the Department of
Energy’s (DOE) Clean Coal Power Initiative at full scale on electric power plants, with
additional demonstrations to be completed by 2005. The demonstrations identified and
addressed power sector mercury control issues, but, more importantly, dramatically
removed potential barriers and enhanced the technology. R& D has already matured to
full-scale demonstrations and are applicable to a wide range of coal types and existing
equipment configurations. Many of these project teams include utility end-users as well
as technology developers, which indicates the wide-ranging, cooperative effort underway.
The success of thiswork and other applications, have now all but obscured the 1999
Information Collection Request (ICR) data that was used by EPA to propose the MACT
floor. EPA’s data shows that existing controls not intended to reduce mercury, had a
side-benefit of removing other pollutants, including mercury. Infact, reliance on the
1999 ICR data promotes switching between coal types to achieve compliance, while the
more current data shows economical compliance can be achieved without coal switching.

Aswe have informed EPA and others, a growing number of companies offer
commercially available mercury control technologies for sale to the electric power sector.
In fact, there are an increasing number of electric utilities actively procuring these
technologies and services. Severa other technologies are in various stages of
development and commercial availability, ready to compete as compliance options under
the Utility MACT program. We believe that Congress or EPA does not have to pick
technology winners and losers; the marketplace is adept at doing so. The course of
technology development is too unpredictable to say what the best approach will be and
experience strongly indicates that there will not be one universal approach.

The rapid development of mercury control technologies make it feasible for the
electric power sector to cost effectively reduce significantly more mercury emissions than
called for under the proposed Utility MACT program. Assuming the implementation of a
MACT program requiring control at each plant, it is estimated that a 50 percent reduction
from the current emission level of 48 tons of mercury down to 24 tonsis achievable. To
achieve greater levels of control, there will be performance differences at each site due to
differencesin coal, equipment, and flue gas characteristics. At some power plants
mercury control technology can reduce mercury emissions by 90 percent or greater.
Therefore, if amercury control program included compliance flexibility it is expected
that a 70 percent reduction in emissions (down to 14 tons of emissions) is achievable.

Even within the MACT program constraints, EPA can provide compliance flexibility
to achieve ahigh level of mercury control under the Utility MACT timeline without
negatively affecting generation. Some of these mechanisms have been used in previous
EPA regulations, both MACT and acid rain rules, such as: long term averaging, limits
that specify a percent removal and emission rate, early reduction incentives such as those
used under the Title IV NOy provisions or Section 112 (i) (5) and (6), or a safety net
approach that requires significant reduction with some flexibility for difficult
applications. It isimportant that flexibility include the performance that is achievable by
technology, rather than a prescription for a particular technology.



The air pollution control industry has already achieved commercia readiness of
mercury control and measurement technologies, even without the certainty typically
provided by regulatory or legislative market drivers. Mercury control technology is
available today at the reasonable cost of 0.1 to 0.3 cents per kW-hr, compared to and
average retail rate of 8 cents per kW-hr. Mercury control technologies are currently
available for arange of coals and equipment and will be available for every utility
configuration and every coal type in the near future. Mercury reductions of 50 percent
(24 tons of emissions) are achievable by 2008 to 2010, and up to a 70 percent (14 tons of
emissions) would be achievable by al utilitiesif there were some flexibility in regulation
or legidation.

On behalf of the more than 130,000 men and women in our nation that work to
supply air pollution control and monitoring technology for stationary sources, we
congratul ate efforts to develop meaningful and flexible approaches to control emissions
from the electric power sector. Dollars spent on compliance are recycled in the economy,
generating jobs in construction, materials fabrication, and engineering. The Ingtitute
predicted that multi-pollutant control requirements would create 300,000 new U.S. jobs.

Thank you for this opportunity to testify. | look forward to your questions.

For more information go to www.icac.com or contact ICAC at 202.457.0911



Commercial Electric Utility Mercury Control Technology Bookings

Air pollution control vendors are reporting booking new contracts for mercury control eguipment for more than two dozen power
plant boilers. The contracts for commercial systems are attributed to federal and state regulations, including new source permit
requirements and consent decrees, which specify high levels of mercury capture. Below isasummary of the mercury control
equipment that has been procured to date. Highlighted units are currently in operation. Last Update: 09-18-2007

Plant APC
Size Configuratio New Plant
(MW) Location Prime OEM Contractor Coal n Hg Control or Retrofit Regulatory Driver
90 MW
ea. Midwest Wheelabrator (Norit/ADA- TOXECON
1 | 270 Total ES) PRB ACI Retrofit Consent Decree
East
2 250 Wheelabrator Bituminous | SDA/FF ACI Retrofit State Regulatory
East
3 250 Wheelabrator Bituminous | SDA/FF ACI Retrofit State Regulatory
East
4 650 Wheelabrator Bituminous | ESP ACI Retrofit State Regulatory
Midwest
5 740 B&W (ADA-ES) PRB SDA/FF ACI New Plant | New Construction Permit
Midwest
6 550 B&W (ADA-ES) PRB SDA/FF ACI New Plant | New Construction Permit
West
7 350 B&W (ADA-ES) PRB SDA/FF ACI Retrofit Consent Decree
West
8 350 B&W (ADA-ES) PRB SDA/FF ACI Retrofit Consent Decree
West
9 800 B&W (ADA-ES) PRB SDA/FF ACI New Plant | New Construction Permit
East
10 350 ADA-ES Bituminous | ESP ACI Retrofit Consent Decree
East
11 350 ADA-ES Bituminous | ESP ACI Retrofit Consent Decree
Midwest
12 204 Dustex PRB TOXECON ACI Retrofit Consent Decree
East
13 375 Wheelabrator Bituminous ACI Retrofit Consent Decree

September 18, 2007




Midwest
14 650 Alstom (ADA-ES) PRB SDA/FF ACI New Plant | New Construction Permit
156 MW
ea. Midwest Multi-
15 | 315 Total Powerspan Bituminous | pollutant ECO Retrofit Construction Permit
Midwest High Sul. ESP/WFGD/
16 750 Wheelabrator Bit WESP ACI New Plant | Construction Permit
South
17 680 Alstom (ADA-ES) PRB SDA/FF ACI New Plant | Construction Permit
FT-
East Bit./Bio- SNCR/CDS/F
18 107 BPI Mass F ACI Retrofit DOE Demo.
South SCR/FF/WF
19 860 BPI Lignite GD ACI New Plant | Construction Permit
South SCR/FF/WF
20 860 BPI Lignite GD ACI New Plant | Construction Permit
West
21 220 B&W (ADA-ES) PRB SDA/FF ACI New Construction Permit
West.Bit/S | HS-
Southwest ub. Bit. ESP/FF/WFG
22 575 B&W (STC) Blend D ACI Retrofit Construction Permit
West.Bit/S | HS-
Southwest ub. Bit. ESP/FF/IWFG
23 575 B&W (STC) Blend D ACI Retrofit Construction Permit
Cold-Side Voluntary Regional Emission
24 335 Northeast ADA-ES Bituminous | ESP ACI Retrofit Abatement Plan
South ESP/FF Voluntary Regional Emission
25 880 Wheelabrator PRB (TOXECON) | ACI Retrofit Abatement Plan
Midwest
26 350 Hamon (ADA-ES) PRB SCR/FF ACI Retrofit State Regulatory
Southwest Voluntary Regional Emission
27 650 ADA-ES PRB ESP/FF ACI Retrofit Abatement Plan
Southwest ESP/FF Voluntary Regional Emission
28 628 ADA-ES RPB Parallel Flow | ACI Retrofit Abatement Plan
Southwest Lignite/PR Voluntary Regional Emission
29 855 ADA-ES B ESP/WFGD ACI Retrofit Abatement Plan
Midwest SCR/FF/WF Construction Permit of new
30 670 Alstom/ADA-ES PRB GD ACI Retrofit unit

September 18, 2007




Midwest SCR/FF/WF

31 850 Alstom/ADA-ES PRB GD ACI New Construction Permit
East

32 167 Sorbent Tech E- Bitum ESP/WFGD ACI Retrofit Consent Decree
Midwest

33 108 Dustex PRB TOXECON ACI Retrofit Consent Decree
Midwest

34 159 NORIT PRB ESP ACI Retrofit CAMR
Midwest

35 348 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

36 237 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

37 347 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

38 341 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

39 566 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

40 561 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

41 850 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

42 850 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

43 359 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

44 385 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

45 281 NORIT PRB ESP ACI Retrofit State Regulatory
Midwest

46 551 NORIT PRB ESP ACI Retrofit State Regulatory
Southwest

47 400 Alstom/ADA-ES PRB SDA/FF ACI New Construction Permit
Alberta Canada Can. Sub-

48 495 B&W/NORIT Bit. SDA/FF ACI New Construction Permit

Lime

Midwest Inj./ESP/WF

49 800 Wheelabrator E. Bit GD/WESP ACI New Construction Permit

September 18, 2007




Lime
Midwest Inj./ESP/WF
50 800 Wheelabrator E. Bit GD/WESP ACI New Construction Permit
Midwest
51 350 ADA-ES PRB ESP ACI Retrofit Construction Permit
CFB
Boilers/SNC
Southwest R/ACI/CDS-
52 568 AESI/ADA-ES Lignite DFGD/FF ACI New Construction Permit
Midwest
53 248 ADA-ES PRB ESP ACI Retrofit State Regulatory
Midwest
54 590 ADA-ES PRB ESP ACI Retrofit State Regulatory
Midwest
55 608 ADA-ES PRB ESP ACI Retrofit State Regulatory
Midwest
56 110 ADA-ES PRB ESP ACI Retrofit State Regulatory
Midwest
57 272 ADA-ES PRB ESP ACI Retrofit State Regulatory
Midwest
58 375 ADA-ES PRB ESP ACI Retrofit State Regulatory
100 ea. | Northeast Dry
59 | 200 Total Clyde Bergemann EEC PRB Injection/FF ACI Retrofit State Regulatory
200 ea. | Northeast Dry State Regulatory
60 | 400 Total Clyde Bergemann EEC PRB Injection/FF ACI Retrofit
200 ea. | Northeast Dry State Regulatory
61 | 400 Total Clyde Bergemann EEC PRB Injection/FF ACI Retrofit
Midwest Construction Permit
62 300 Allied/ADA-ES PRB CDS/FF ACI Retrofit

September 18, 2007
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ReACT Slip Stream Testing

* Objective:

— Evaluate Performance on
US Coals in 2.5 MW Slipstream

* Project Funders
— Sierra Pacific Resources (Host)
— Ameren
— Consumers Energy
— Integrys Energy
— MidAmerican
— Salt River Project

* J-Power EnTech
(Process Supplier)

e Shaw Environmental
(Test Contractor)

VA

° Shaw-
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ReACT™ Process

Multi-pollutant capture in an all-solid process with potential for
sulfur/sulfuric acid recovery

2"d generation Bergbau Forschung (Mitsui) process

Advantages o :
Stage Stage

Dry process
High SO, & Hg Control ©
Saleable by-product

Enhancements x wie [ Adsorber CIJ”WH; & Eg;gg;;ﬂ O
—Improved carbon bed m Uit |
material =» reduced BUF L Reﬁ.'.lr'lgr“itor @
attrition & fire danger =a By-Product
—Reduced vessel

' Lock Hopper

requirements

Performance @
*97-99+% ASO,
*25-48% ANO,

Removals best @ S<2%

@

Dust [EREEE Saparator

9,500 Nm3/hr or 5,900 scfm

s o

© 2008 Electric Power Research Institute, Inc. All rights reserved. Shaw Environmental. Inc



Valmy Coal Properties for ReACT Testing

Sub- Bituminous
Bituminous

H,O 17.94% 9.30%
C 56.12% 65.81%
H 3.64% 4.54%
N 1.14% 1.14%
Cl 0.00% 0.02%
S 0.37% 0.46%
Ash 8.67% 10.15%
O 12.14% 8.62%

Hg 0.023 ppm 0.050 ppm
North Valmy Unit 1 - 254 MW (Source) HV | 9,670 Btu/lb | 11,330 Btu/lb

JAY

‘ Shaw-
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Test Plan
SV RT AC Load Inlet SO, Coal
(1/hr) (hr) (mgSO,/gAC) (ppm)
1-1 350 80 56 500 Sub-Bit
1-2 430 80 69 500 Sub-Bit
1-3 350 120 84 500 Sub-Bit
1-4 500 80 80 500 Sub-Bit
1-5 350 80 56 500 Sub-Bit
2-1 350 80 56 500 Bit
2-2 500 80 80 500 Bit
2-3 350 120 84 500 Bit
2-4 350 80 56 500 Bit
2-5 350 80 56 500 Bit
3-1 350 80 80 1400 Bit
3-2 350 40 80 1400 Bit
4-1 350 80 /8 500-1400 Bit
: JAY

© 2008 Electric Power Research Institute, Inc. All rights res
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I Baseline Sub-Bit Coal

500 ppm SO,, SV=350, RT=80

Concentration (ppm)
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I Baseline Western Bituminous Coal
500 ppm SO,, SV=350, RT=80
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I Western Bituminous Test 3-2

Concentration (ppm)

1400 ppm SO,, SV=350, RT=40
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I Transient Test

Concentration (ppm)

500-1400 ppm SO,, SV=350, RT=80
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Removal Efficencies

Test SO, Removal | NO, Removal Hg Removal
1-1 99.96 40.0 98.6
1-2 99.7 27.6 99.6
1-3 99.7 28.6 99.4
1-4 98.1 26.2 99.0
1-5 99.8 38.0 99.1
2-1 99.9 33.2 98.8
2-2 97.6 25.7 -
2-3 99.8 37.8 97.1
2-4 99.9 37.7 -
2-5 99.96 34.4 99.0
3-1 97.2 48.4 99.3
3-2 92.6 27.6 97.0
4-1 99.9 27.8 -

JAY
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ReACT Baseline PM & Acid Gas Results

Concentration (mg/dscm)
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ReACT Baseline Metals Removals

Concentration (mg/dscm)
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Valmy
Reported Results
Summary
SO, >95% 97-99.9%
NO, 20-80% 25-48%
* Important Parameters for SO,
Removal: Hg 90% 97-99%

— RT, AC Loading, NH,/SO, molar ratio
e Important Parameters NO,  Removal:
— SV, RT, AC Loading, NH;/SO, molar ratio

* Results for SO,, NO,, and Hg were reproducible
between the two Baseline Tests. Results for other
metals were approaching analytical detection
limits.

e System operated almost 3,000 hours with no
significant operational problems.

VA
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ReACT™ Economic Evaluation

Comparison SOX Total Capital Levelized
Coal I\IIDOx 2 H ’ Requirement Annual Cost
g ($inet kW) (mills/kWh)
PRB ReACT™ System $188 9.02
(0.48%3) OFA/CI/LSD/FF $204 10.6
Bituminous ReACT™ System $346 16.4
(2.6%53) SCRI/LSFO $307 15.0
Lignite ReAct™ System $234 12.3
(1.0%3) | sNCR/OFA/CILSFO $207 14.0
SCR = Selective Catalytic Reduction (NOXx) SNCR = Selective Non-catalytic Reduction
LSFO = limestone forced oxidation FGD OFA = Over Fire Air
Cl = carbon injection (Hg) SD/FF = Spray Dryer Fabric Filter
1 Shaw"

© 2008 Electric Power Research Institute, Inc. All rights reserved. Shaw Environmental. Inc
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Abstract

Several important aspects are described in this paper. The occurrences of trace elements (TEs)
in coal are introduced. Four main groups of trace element content level, say, >50, 10-50, 1-10
and <1 ppm, can be drawn. Trace elements partitioning in emission streams; enrichment in
submicron particles; vaporization and emission in flue gas; and the mobility and leaching behavior
of trace elements in coal and combustion waste are summarized. The mechanisms of trace element
transformation during combustion are illustrated as following: the vaporized metals at high
temperature near the combustion flame will subsequently nucleate or condense at a lower
temperature downstream. These metals form a suspended aerosol along with particles. The
conversion of vaporized components into various solid and/or liquid forms is the key factor
influencing the final trace elements’ transformation/partitioning behavior. Finally, current trace
element emission control technologies are briefly introduced. To control trace elements in particle
phase, electrostatic precipitators and fabric filters are mainly used. To control trace elements in
vapor phase, spray dryer absorbers, wet scrubbers, condensing wet scrubbers, wet scrubbers and
solid sorbent injection should mainly be used. Research needs are identified and potentially
promising research topics on trace elements emission are proposed as following: (1) trace element
speciation and enrichment in coal and coal ash. (2) Trace elements partitioning in combustion
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process. (3) Mechanisms of transformation and control technologies for easily vaporized TEs
during combustion.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

In the future, coal will keep its important position as a world energy source because of
its relatively abundant reserves in comparison to the decreasing reserves of both petroleum
and natural gas. Moreover, the pollutant emissions from coal utilization may cause serious
environmental and health risks, so it becomes an important issue with respect to
environment protection.

The emissions of SO,, NO,, CO, and volatile organic compounds (VOC) in flue gases
from coal combustion may have serious environmental impacts, such as ozone exposure at
ground-level, soil acidification and euthrophication due to the deposition of acid and
nitrogen, respectively, global temperature rising and direct hazards of VOC to agriculture,
soil and water, etc. In comparison to the above-mentioned pollutants, the concern about the
fate of trace elements (TEs) during coal combustion (i.e. partitioning, environmental
impacts, emission control, etc.) is a relatively new subject.

A so-called trace element (TE) is defined as an element occurring in a very low amount
(<100 ppmw). Recently, the topic about trace elements has drawn more and more interest
from scientists because of the great concern for their toxicological and environmental
effects. Heavy metal is another more common term for these elements having impacts on
the ecosystem and human health. This term was adopted first since at the beginning the
concerned elements were all heavy metals. By now, some light elements have also been
found to have great impacts on the environment (such as B, Be, As). In this study, the term
trace element is chosen to represent all considered low-content elements in order to avoid
the possible confusion.

The demands for studying TE behavior in flue gases from coal combustion are critical
due to the following several facts [1]:

(1) Coal, as an important world energy component, will be continuously and widely used
in this century due to its relatively abundant reserves;

(2) Some TEs emitted during coal combustion have great impacts on the environment and
therefore on our health;

(3) The current environmental regulations address TE emission from hazardous waste
incineration (HWI) and municipal waste incineration (MWI), and with no doubt more
stringent limits will be proposed in the near future dealing with other combustion
processes, €.g. coal combustion.

Although TE behavior from coal combustion is a relatively new subject, many
studies have been developed in the last decades. In this study, a literature review with
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respect to TE occurrence in coal, TE emission in gases, fly ashes and bottom ashes,
TE behavior in the combustion zone and finally the current studies on TE emission
control.

2. Behavior of trace elements during coal combustion
2.1. Occurrences of trace elements in coal

Practically all the elements of the Chemical Periodic Table are present in coal [2—4].
According to their different contents, these elements can be divided into three groups: (1)
major elements (C, H, O, N, S), whose amounts are above 1000 ppm; (2) minor elements,
which include coal mineral matters (Si, Al, Ca, Mg, K, Na, Fe, Mn, Ti) and halogens (F,
Cl, Br, I), present in concentrations between 100 and 1000 ppm; and (3) trace elements,
which are the constituents with concentration below 100 ppm.

After numerous studies (for example, Refs. [2—18]) carried out on the occurrence and
distribution of trace elements in coal, it is accepted that the TEs’ combination and contents
differ from one coal to another due to the different coalification processes. However,
knowledge of TE distribution in coal is very important since it permits the possible
prediction of TE release from combustion.

Table 1 lists the mean values of 38 TE contents in the USA, British and Australian
coals based on many investigations concerning more than 1500 coal samples [2—4].
Although the TE contents seem to vary strongly with coal type, four main groups of
content level can be drawn, and we can see that most TEs are less concentrated than
50 ppm.

Table 1 also tabulates the concentrations of 10 TE contents in seven Chinese coals [19—
21], say, Qingshan bituminous coal in Hubei province, Heshan bituminous coal in
Guangxi province, Laiyang anthracite in Shandong province, Jiafu anthracite in Fujian
province, Henan lean coal, Huangshi lean coal in Hubei province and Shaoguan lean in
Guangdong province.

TE release from coal combustion is affected, to a great extent, by TE occurrence
modes in coal, i.e. their chemical affinities. The elements associated mostly with the coal
organic and sulfide fractions tend to vaporize firstly, and then they are easily adsorbed
on fine particles during flue gas cooling. In contrast, elements combined with the
discrete mineral matters more possibly remain in the ash matrix. Querol et al. [6] gave
an overall comparison about their results concerning the TE combinations in a Spanish
coal with those obtained previously from worldwide coals before 1992 (see Table 2).
Several newer reports are added at the end of this table. It can be seen that Be, Sr and
Ge have an organic affinity in most reports listed in Table 2, whereas Ba, Ce, Co, La,
Mn, Ni, Rb and Zr have an inorganic affinity and other TEs behave variously depending
on the studies. Indeed, both TE contents and combinations in coal vary significantly
with coal type.

In a more recent report, Querol et al. [12] developed an extensive study on TE
distribution in both coals and wastes, and they found the following general information
concerning the TE detailed combinations in coal.



Table 1
Concentrations of TEs in the US, British, Australian [2—4] and Chinese coals [19—21]—arithmetic mean values, ppm
Element and Coals
chemical Us British Australian ~ Chinese For most
symbol s

(1) (2) (3) “) (5) (6) (7) (8) ) (10) 11) (12) (13) coa
>50 ppm
Barium (Ba) 150 70-300 142 70-300 20-1000
Boron (B) 102 50 30-60 30-60 5-400
Fluorine (F) 61 74 150 114 150 20-500
Manganese (Mn) 49 100 130 84 130 5-300
Phosphorus (P) 71 - - 10-3000
Strontium (Sr) 37 100 100 100 15-500
Titanium (Ti) 700 800 900 63 900 10-2000
Zinc (Zn) 272 39 25 25 5-300
10-50 ppm
Arsenic (As) 14 15 1.5 18 1.5 14.5 9.9 12.1 21.0 11.0 9.6 13.9 0.5-80
Cerium (Ce) 11 - - -
Bromine (Br) 15 - - -
Chlorine (CI) 150 150 50-2000
Chromium (Cr) 14 15 6 34 6 36.8 254 21.6 304 26.0 12.0 74.0 0.5-60
Copper (Cu) 15 19 15 48 15 27.5 334 314 21.6 233 19.5 32.1 0.5-50
Lead (Pb) 35 16 10 48 38 10 20.9 18.1 12.2 29.4 22.8 22.7 24.4 2-80
Lithium (Li) 20 20 20 1-80
Nickel (Ni) 21 15 15 28 15 139 18.6 17.1 17.0 124 9.3 249 0.5-50
Rubidium (Rb) 14 2-50
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Vanadium (V) 33 20 20 76 20 76.5 100.0 70.8 542 48.5 383 109.0 2-100

Zirconium (Zr) 72 30 100 100 5-200
1-10 ppm

Antimony (Sb) 1.3 1.1 0.5 3.1 05 0.05-10
Beryllium (Be) 1.6 2 1.5 1.8 L5 3.1 2.6 1.8 1.3 1.9 1.3 2.5 0.1-15
Cadmium (Cd) 2.5 1.3 0.08 0.24 0.4  0.08 0.19 0.15 0.29 0.30 0.10 0.08 025 0.1-3
Caesium (Cs) 1.3 1.3 0.3-5
Cobalt (Co) 9.6 7 4 4 8.5 9.5 11.6 7.4 6.7 5.6 10.8 0.5-30
Gallium (Ga) 3.1 4 4 1-20
Germanium (Ge) 6.6 6 6.8 51 6 1.95 1.48 0.47 0.40 0.94 0.63 093 0.5-50
Todine (I) 2.0 - - -
Lanthanum (La) 6.9 16 16 -
Molybdenum (Mo) 7.5 3 1.5 <2 1.5 0.1-10
Niobium (Nb) 3 - - 1-20
Scandium (Sc) 2.4 3 4 4 1-10
Selenium (Se) 2.1 4.1 0.8 2.8 0.8 02-4
Thallium (TI) - - <0.2-1
Thorium (Th) 2.0 2.7 39 2.7 0.5-10
Uranium (U) 1.6 1.8 2 1.3 2 0.5-10
<1 ppm

Mercury (Hg) 0.2 0.18 0.1 0.2 0.1 0.02—1
Silver (Ag) 0.2 <0.1 <0.1 0.02-2
Tantalum (Ta) 0.15

(1) 101 samples of mainly Illinois bituminous coals; (2) 799 samples of bituminous and sub-bituminous coals; (3) 23 samples of bituminous coals; (4) 231 samples of
bituminous coals; (5) number of samples not stated, bituminous coals; (6) 452 samples of New South Wales bituminous coals; (7) Qingshan bituminous coal; (8) Heshan
bituminous coal; (9) Laiyang anthracite; (10) Jiafu anthracite; (11) Henan lean coal; (12) Huangshi lean coal; (13) Shaoguan lean coal.
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Table 2
Classification of trace elements in coals as a function of the inorganic, organic or intermediate affinities [6]°
Authors Affinity
Inorganic Organic Intermediate

Minchev and Be, Sc, Zr, Ti, Cr Ge, As, Ag, Y, Mo,

Eskenazy Yb, Sr, Ba, V, Mn,

(1972) Cu, Ni, Sn, Zn, Co
Gluskoter Zn, Cd, Mn, As, Mo, Fe Ge, Be, B, Sb, Cr, Se Co, Ni, Cu

et al. (1977)
Miller and B, Be, Ge, Na, P, Mg,

Given (1978) Cl, Br
Kuhn et al. (1980) As, Cd, Zn B, Be, Br, Ge, Sb Ga, Ni, P, Ti
Ward (1980) Cu, Pb, Zn, Mn, Sr, Cr B, Ni, V, Zr, Co, Be Ge

Azambuja et al.
(1981)

Harvey et al.
(1983)

Correa et al. (1984)

Karner et al. (1986)

Kojima and
Furusawa (1986)

Kortenski (1986)

Warbrooke et al.
(1986)

Goodarzi (1987)

Goodarzi et al.
(1987)

Miller and Given
(1987)

Rimmer (1991)

Beaton et al.
(1991)

Pires et al.
(1992) [8]

Querol et al.
(1992) [6]

Martinez-Tarazona
et al. (1992) [7]
Spears et al.
(1993) 9]
Mercer et al.
(1993) [10]
Querol et al.
(1995) [12]

Lu et al. (1995) [13]

Mn, Zn, Pb

As, Ba, Cd, Mn, Mo, Pb,
TL, Zn

Ga

Sr, Ba

Mn

Mn, Zn, Bi, Sn, Sr, Tl

Ti, Cr, Hf, Ta, Th, V
Ce, Zr, Pb, Zn

Ba, Mn, Rb, Sr, Zn, Zr
Ti, Sb, As, Be, Cs, Li, Ni,
Pb, V, Zn, Rb, Mn

Co, Mn, Ni, V

Ba, Ce, Cr, Rb, Co, Ni

Cu, Ni, Zn, Pb
Pb, Cu, Ni, Zn, Mn
Mn, Fe

Al, K, Mg, Na, P, Ti, Li,
Cr, Ni, Cu, Ga, Rb, Sr,
Y, Sn, Cs, Ba, Ta, Pb, Bi,
Th, U, REEs, Fe, Co,

Zn, As, Se, Mo, Cd, Sb,
Hg, Tl, Ca, Mn, Co

As, Co, Cr, Cu, Ni, Pb, V

Cu, Co, Ni, Cr, V

B, Be, Br, Ge, Ni, Sb,
u,Vv

B, V, Cr

Ti, V, St, B

Ag, As, Ge, Mo, Ni, W, Ba,

Co, Cr, Cu, Pb, T1, V, Zr
Ge, Mo, Ni, Be, Br

As, B, Br, Cl
Br, Mn, Cl

Cu, Be, Y, Yb, V, Ge, Ti,
Ni, Ga, Sr, Ba, Mn

Be, Ni
Sr, B, Br

Mn, Zr, Nb
V, Sr, Ba, Zr, Nb
\%

Be, Ge, Zr

Be, Ge

Ba, Sn, Cr, Ni, Sc, Y,
Be, Co, Cu, Zn, Zr, As

Cu, V

As, Ba, Co, Mo, Ce, Dy,
Lu, Sc, W, U

As, Cd, Cr, Cu, Mo, Zn

As, Cd, Cu, Dy, Er, Eu,
Gd, Ge, Ho, Lu, Mo, Nd,
Pb, Pr, Sm, Sb, Sr, Tb,
Th, Tm, U, Yb, Zn

Rb, Ba, Cr, Sr, V, Y

As, Co, Mo, Ni, Sb, Se,
Zn
C,N,S,B, V, W

# Unreferenced authors can be found in Ref. [6].
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(1) Elements showing inorganic affinity in coal

In clay minerals and feldspars: Al, Ba, Bi, Cr, Cs, Cu, Ga, K, Li, Mg, Na, Ni, P, Pb, Rb,
Sn, Sr, Ta, Th, Ti, U, V, Y and REES (rare earth elements).

In iron sulfides: As, Cd, Co, Cu, Fe, Hg, Mo, Ni, Pb S, Sb, Se, Ti, W and Zn.

In carbonates: C, Ca, Co and Mn.

In sulfates: Ba, Ca, Fe and S.

In heavy minerals (tourmaline): B.

In several mineral phases: Co and W (carbonates and sulfides); Ni, Cu, Pb (clay
minerals and sulfides); S (sulfides, sulfates and organic matter); C (carbonates and
organic matter).

(2) Elements showing organic affinity in coal.

C, N, S, Be, B, Ge, V, W and Zr (boron exhibits partial association with tourmaline in
the heavy fraction, and V with clay minerals).

To conclude, both TE concentration and their chemical affinity vary strongly with the
considered coals. The comparison between results concerning studies about worldwide
coals is useful to find out some general rules. However, it still needs a long time to achieve
a great step forward in the research dealing with TE combinations in coal. This part of
work is paramount, especially when one is interested in TE partitioning in the coal-fired
flue gases.

2.2. Emissions of trace elements in gases and ashes

Many papers, including several reviews [22—27], have reported TE emission from coal
combustion with respect to the following aspects: the TE size-distribution in fly ashes and
their enrichment in the submicron particles [12,23,28—38], the formation and transforma-
tion of fly ash particles [39—-44], the direct gaseous emission of several volatile TEs, i.e.
halogens, B, Hg, Se and As, etc. [45—56], the mobility and leaching behavior of TEs in
coal and combustion waste [11,57—64]. Moreover, several overviews dealing with TE
emission from HWI and MWI are also presented [65—69].

2.3. Trace element partitioning in emission streams

The TEs introduced into a combustion system as part of the coal feeds or sorbents can
only exit the combustion system through a finite number of pathways. In this study, TE
partitioning is often referred to the dispersion of elements among different emission
streams: bottom ash, fly ash, ash in scrubber waste and flue gas.

Fig. 1 illustrates the partitioning of various TEs (i.e. the fraction of the total elemental
mass input that is discharged from the combustion system via each emission stream) from
a pulverized coal-fired boiler located in the Netherlands [22]. Notice that the main
proportion of almost all elements is bound with the fly ash and collected in the electrostatic
precipitator (ESP). Boron (B) and selenium (Se) are partially discharged in the vapor
phase, and mercury (Hg), which exhibits a very high vapor pressure at typical stack outlet
temperature, is almost fully released with the flue gas.
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2.4. Trace element enrichment in submicron particles

The TE enrichment trends in submicron particles have been reported by many
authors [12,28—-39]. Most TEs, which are partially or fully vaporized during coal
combustion, tend to condense and enrich in the submicron particles with a
significant surface-to-volume ratio. The submicron particles have more harmful
impacts than the supermicron particles since they have long residence time in the
atmosphere and a high probability to deposit in human being lungs. Moreover, they
can be collected by air pollution control devices (APC) with very low efficiency
only.

A typical aspect of the particle bimodal distribution has been presented by Linak and
Wendt [23]. It is found that although the fraction of submicron fly ash before APC
contains less than 5% of the total mass, it represents approximately 50% of the total mass
after it. Based on partition and enrichment behavior of elements, three basic classes of
trace elements can be defined:

Class I: Elements approximately equally distributed between the bottom ash and
fly ash, or show no significant enrichment or depletion in the bottom ash.

Class II: Elements enriched in the fly ash and depleted in the bottom ash, or show
increasing enrichment with decreasing fly ash particle size.

Class III: Elements totally emitted in the vapor phase.

Linak and Wendt [23] summarized previous studies on TE size distribution in particles
and the results are listed in Table 3. It can be seen clearly that most regulation-concerned
TEs are enriched in submicron particles, and hence they have more risks of environmental
and health impacts.
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2.5. Trace element vaporization and partitioning
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The most volatile TEs (Hg, Se, As), to which we have often paid more attention, and
halogens, etc., remain mostly in the vapor phase as they pass through heat transfer

Table 3

Coal combustion investigations describing TE enrichment in submicron fly ash [23]

Investigation

Submicron enriched

No enrichment trend

Submicron depleted

Davison et al. (1974)
Kaakinen et al. (1975)

Klein et al. (1975)

Gladney et al. (1976)
Coles et al. (1978)
Ondov et al. (1978)

Desrosiers et al. (1979)
Ondov et al. (1979)

Smith et al. (1979)

Smith et al. (1980)°

Markowski et al. (1980)

Biermann and Ondov
(1980)

Flagan et al. (1981)

Damle et al. (1982)"

Neville and Sarofim
(1982)

Quann et al. (1982)

Quann et al. (1982)

Haynes et al. (1982)
Shendrikar et al. (1983)
Neville et al. (1983)
Linak et al. (1986)

Kauppinen and
Pakkanen (1990)

Sb, As, Cd, Cr, Pb,
Ni, Se, S, Tl, Zn
Sb, As, Cu, Pb, Mo,
Po, Se, Zn

Sb, As, Cd, Cu, Cr,
Ga, Pb, Mo, Ni, Se,
Na, U, V, Zn

Sb, As, Br, I, Pb, Hg, Se
Pb, Ra, Th, U

Sb, As, Ba, Ga, In,
Mo, Se, U, V, W, Zn
Si, S

Sb, As, Ba, Mo, Se,

VvV, W

Sb, As, Br, Cu, Cr, Ga,
Pb, Hg, Mo, Ni, Se, S,
Sn, V, Zn

As, Cu, Cr, Ga, Ge, Pb,
Mo, Ni, Se, Sn, V, Zn

Sb, As, Cd, Cr, Ni, Rb,
Se, V, Zn
Ba, Se, U, W

C, Si, Na, S

Sb, As, Cd, Pb, Mo, Se,
W, Zn

Al, Sb, As, Si, Na

Mg, K, Na

Sb, As, Cr, Cl, Co, Mg,

P, K, Na, Zn

Sb, As, Fe, Mn, Hg, K
Sb, As, Cl, Hg, Ni, Se, Zn
Al, Sb, As, Cr, Na, Zn
As, Pb, K, Na, Zn

Ca, Cd, Cu, Pb, Sr,
S,V

Al, Be, C, Fe, Mg,
Mn, Si, V
Al, Fe, Nb, Rb, Sr, Y

Al, Ba, Ca, Ce, Co, Eu,
Hf, Fe, La, Mg, Mn, K,
Rb, Sc, Si, Sm, Sr, Ta,
Th, Ti

Na

Ce

Ca, Mg, K, Na

Fe, Mg

Al, Ba, Ca, Ce, Fe, La,
Mn, Nb, K, Rb, Si, Sr,
Ti, Y, Zr

Fe, Ti

Fe, Na

Ba, Cr, Co, Ni, Mn,
Na, Sr, V°
Fe, Mg

Mg

Ca, Fe, Mg

Al, Ca, Fe, Mg, Mn,
Si, Ti

Al, Fe, Mg, Mn, Na,
Si, Ti, Zn

Bi, Ca, Co, Cu, K,

Sn, Ti

Ce, Fe

Al, Fe

Al, Hf, Mg, Mn, Ta

Al, Ca, Ce, Hf, Fe,
Mg, K, Si, Ti°

Al, Sc, Th

Al, Ca, Si
Al, Ca, Mg

a: literature review, b: slight enrichment or no change, c: no change or slight depletion, d: species Br, Cl, Hg,
Se in vapor phase, high filter penetration, e: species As, Br, Cl, I, Hg, Se in vapor phase, high filter

penetration.
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sections of a boiler. The percentages of the total in-stack concentrations of these elements
in the vapor phase have been reported [22] to be: Cl, up to 99% as HCI; F, up to 90% as
HF; Br, 25-98% as HBr; Hg, up to 98% as Hg, HgO and CH3Hg; Se, up to 59% as Se
and SeO,; As, 0.7-52% as As,O;; and I, 90-99% as HI. Although mercury (Hg)
concentration in coal is usually extremely low, significant attention is focused on its
emission because its capture by APC systems is problematic, and moreover, it is highly
toxic to human health and it bioaccumulates. Many studies dealing with the behavior of
most volatile elements and their gaseous emission exist in the literature [45—56].

Actually, TE vaporization behavior is closely related to their partitioning in emission
streams and their different enrichment phenomena. The TE classification into three groups,
based on the TE enrichment behavior in submicron particles, was mentioned before [22].
Fig. 2 correlates the TE class behavior with the measure of volatility (e.g. boiling point),
and it indicates the potential for intermediate behavior.

Fig. 2 points out the following facts:

(1) The elements (minor and trace) not vaporized during combustion will compose the
matrix of both fly ash and bottom ash in the form of a homogeneous ‘melt’ as well as
crystalline phases.

(i1) The elements partially or fully vaporized will undergo additional transformations and
partitioning downstream, as the flue gas cools down in the upper furnace and heat
recovery section of the combustion system. The TE conversions are decided into
three complex and interrelated processes: adsorption, condensation and chemical
transformation.

INCREASING
VOLATILITY
Boiling PTS, °C A
F -188.1
¢l 34 Class III
Se 217 Volatized and Emitted
Se0, 317 fully in the Vapor-phase
ilg o 22; not Enriched on the Fly Ash
$2U3
As 613
MoOs 795 .
7n 907 As Cd Ga Ge Pb _ ClassTl
Sb,O 1155 Sk Sn Te Ti Zn Enriched in the Fly Ash
B 6 3 1800 and Depleted in the
203
CoO 1800 BaBe Bi Co Cr Bottom Ash
Mn 1960 Cs CuMo Ni Sr
Cu 2570 Class I
Ni 2730 Equally Distributed
Co 2870 Eu Hf La Mn Rb between Bottom Ash
Cr0;  3000-4000 Sc Sm Th Zr and Fly Ash
Mo 4660

Fig. 2. Categorization of trace elements based on volatility behavior [22].
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2.6. Mechanisms of trace element transformation during combustion

The vaporized metals at high temperature near the combustion flame will subse-
quently nucleate or condense at a lower temperature downstream. These metals form a
suspended aerosol along with particles which are generated by other mechanisms [39—
44]. Both experimental and model studies have been developed on TE vaporization
[24,70-76], aerosol dynamics [28,77—83] and TE transformation routes in the com-
bustion zone [23].

2.7. Trace element transformation mechanism overview

Once combustion gases are away from the combustion zone of a coal-fired boiler, the
key factor influencing the final trace element transformation/partitioning behavior is the
conversion of vaporized components into various solid and/or liquid forms. It is
determined, basically, by three complex and interrelated processes: adsorption, conden-
sation and chemical transformation.

Fig. 3 shows possible ways along which TEs are partitioned into vapor, submicron
aerosol and supermicron aerosol. Several paths which pertain specifically to coal are
distinguished by thick bold arrows and lines.

Aqusous Solutions

Distillate Oiland | e g ‘ Attritive
Fragmentation

Submicron Inchusions, '
Residual Particies,
Secondary Atomization

Inorganic Mixturs

Supermicron (Cotiectable)
Aerasol

Fig. 3. The mechanisms for particle formation in a combustion system [23].
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The involved physico-chemical phenomena [22] which control TE partitioning and
their final physical form are as follows:

(i) Heterogeneous condensation on the existing fly ash particles and heat exchange
surfaces.

(ii) Physical/chemical adsorption on fly ash particles.

(iii) Homogeneous condensation (nucleation) and coalescence as submicron aerosols if
local supersaturation condition exists.

(iv) Homogeneous and heterogeneous chemical reaction among trace elements, fly ash
and flue gas constituents.

(v) Remaining in the vapor phase for species with high vapor pressure at typical boiler
exit temperature.

In addition, the metal aerosol dynamics is the theoretical base deciding fly ash
formation and particle size distribution (PSD).

2.8. Metal vaporization kinetics

The real TE combination in coke is quite complex, and therefore, their vaporization
during coal combustion depends greatly on their speciation in the coke, in addition to the
combustion conditions. Several TE vaporization mechanisms are displayed in the
following equations:

Chlorides: MCl, (cr) <MCl,(g) (1)
Sulphides: MS,(cr) <> MS,(g) (2)
Oxides: MO, (cr) + CO(g) <MO._ (cr) + CO,(g) (3)
MO (cr) «MO:_, (g) (4)

In Eq. (1), MO, _; is the sub-oxide or elemental form of a metal (M) normally more
easily vaporized than the oxide form (MO,); moreover, the metal oxide can be formed at
relatively high temperature by other metallic compounds in coal:

MAO,,(cr) MO, (cr) + AO,,_,(g) or (cr) (5)

Where A represents coal major and minor elements i.e. C, N, S, Si, Al, P, Ti, Mn, etc.

Quann and Sarofim [70] claimed that Eq. (1) is the classical mechanism (reducing
mechanism) for the vaporization of refractory metal oxides contained in coal, whereas
Baxter et al. [71] recently found that Fe constituents in coal are vaporized according to an
oxidizing mechanism. Moreover, the rapid vaporization of TEs chlorides and sulfides may
occur before or during the first period of coal combustion.

Ho et al. [73] had ever proposed a metal volatilization sub-model describing the metal
vapor diffusion through a clay particle during the fluidized bed thermal treatment of metal-
containing clay soil.
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2.9. Modeling of trace elements speciation during combustion

Up to now, most work on the mechanism of trace element speciation has been focused
on mercury, while a few studies were on chromium [48,84—-95]. Previous studies of
mercury oxidation in combustion systems have been focused on chemical equilibrium
calculation and experimental measurements. Equilibrium calculations conducted for
mercury at stack gas conditions indicate that it is the oxidized form that is thermody-
namically favored. However, of the two possible oxidized forms, there appears to be little
experimental evidence for the existence of mercurous compounds in coal combustion
flue gases [84]. Mercury speciation in post-combustion conditions thus requires an
understanding of the partitioning between elemental Hg (0) and Hg (+2) oxidation states
only.

It is well recognized that under actual combustion conditions, Hg oxidation would be
subject to kinetic control. Hall et al. [48,85] and Widmer and West [86] proposed one-
step global reaction mechanisms to model the observed depletion of Hg” in the presence
of Cl, or HCI. While such mechanisms can give plausible qualitative results, they are
generally not suited for examining the effects of other flue gas constituents, e.g. NO,,
H,0 and SO, on Hg chlorination. Furthermore, such mechanisms provide little insight
into the details of the conversion process. Recently, marked strides have been made in
unraveling the reaction mechanism for homogeneous Hg oxidation through a sequence
of elementary reactions. Such efforts include those of Senior et al. [87], Sliger et al.
[88], Edwards et al. [89] and Niksa et al. [90]. Of those efforts, Ref. [89] provides the
most complete Hg chlorination pathways to date as well as a pathway involving HgO,
with model predictions in good accord with experimental data for higher reactor
temperatures but a drastic underprediction of Hg chlorination for lower temperatures.
Ref. [90] developed and evaluated an elementary reaction mechanism for homogeneous
Hg’ oxidation with emphasis on major interactions among Cl species and other
pollutants in coal-derived exhausts. Their model predictions showed that Hg oxidation
is primarily through a Cl atom recycle process, with Cl and Cl, concentrations both
playing an important role. O, weakly promotes homogeneous Hg oxidation, whereas
moisture is a stronger inhibitor. NO can promote or inhibit homogeneous Hg oxidation,
depending on its concentration. Ref. [91] proposed an important and previously
unrecognized pathway of homogeneous Hg oxidation mechanism including Hg reactions
involving HgO, in which the reaction rate constants were calculated neither from
experimental data nor by estimated but directly from transition state theory. A relatively
complete homogeneous mercury oxidation mechanism including reactions of mercury
chlorination and oxidation is tabulated in Table 4, where the rate coefficients are in the
modified Arrhenius form

k = ATPexp(—E,/RT)

The activation energy E,, the temperature exponent f§ and the pre-exponential constants
A are parameters in the model formulation.
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Table 4

Kinetics and rate constants in Hg oxidation mechanism

No. Reactions A (cm®/mol—s) p E, (kcal/mol) Reference

1 Hg+Cl+M=HgCl+M 2.4e8 1.4 —14.4 Widmer et al. [86]
2 Hg+Cl,=HgCl+Cl 1.39%14 0.0 34.0 Widmer et al. [86]
3 HgCl+Cl,=HgCl, +Cl 1.39¢14 0.0 1.0 Widmer et al. [86]
4 HgCl+Cl+M=HgCl, +M 2.19e18 0.0 3.10 Widmer et al. [86]
5 Hg+HOCI=HgCl+OH 4.27¢el13 0.0 19.0 Widmer et al. [86]
6 Hg+HClI=HgCl+H 4.94¢e14 0.0 79.3 Widmer et al. [86]
7 HgCl+HCI=HgCl, +H 4.94e14 0.0 21.5 Widmer et al. [86]
8 HgCl+HOCI=HgCl, + OH 427613 0.0 1.0 Widmer et al. [86]
9 Hg+ClO=HgO+Cl 1.38e12 0 832 Xu et al. [91]

10 Hg+ClO,=HgO +ClO 1.87¢7 0 51.27 Xu et al. [91]

11 Hg+05=HgO+0, 7.02¢14 0 42.19 Xu et al. [91]

12 Hg+N,0=HgO +N, 5.08¢10 0 59.81 Xu et al. [91]

13 HgO +HCI=HgCl+OH 9.63¢e4 0 8.92 Xu et al. [91]

14 HgO + HOCI1=HgCl+HO, 4.11el3 0 60.47 Xu et al. [91]

2.10. Current trace element emission control technologies

2.10.1. General information

The final objective of all studies concerning TE behavior from coal combustion is to
reduce their emission levels while keeping high coal combustion efficiency. Many
publications report studies on TE emission control [96—110], most of them concern the
municipal and hazardous waste incineration since it may induce the release of constituents
contained in these waste streams, including many toxic metals. Nevertheless, many of the
control technologies concerning TE emissions from HWI and MWI can be subsequently
applied to coal combustion systems since processes are rather similar.

Donnelly [101] reported a review about metal emission control technologies for waste
incineration. The major fraction of toxic metals found in flue gases exists as fine-particle
matter; nevertheless, a significant fraction of certain metals (such as B, Hg, Se) exists in
the vapor phase at typical incinerator (or boiler) exit flue gas conditions. The control of the
particulate fraction is achieved by utilizing traditional particulate control devices. That of
the vapor phase fraction is achieved through cooling of the flue gas and collection of the
fine particulate thus formed. Table 5 lists the types of control typically employed to reduce
toxic metals emission. In the next sections, we give more details about the control methods
of toxic metals.

2.10.2. Spray dryer absorption systems

Spray dryer absorption (SDA) has been widely applied for waste incinerator emission
control, and it has demonstrated high collection efficiencies for most toxic metals present
in the flue gas. SDA has been specified as the best available control technology in a
number of municipal waste incinerator air permits.

A typical SDA process includes a reagent preparation system, a spray dryer absorber
and a dust collector. Flue gas enters the spray dryer, where it is contacted by a cloud of
finely atomized droplets of reagent (typically hydrated lime slurry). The flue gas
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Table 5

Toxic metal controls [100]

Fraction Control device

Metals in particle Electrostatic precipitators

Fabric filters
Wet scrubbers

Metals in vapor phase Spray dryer absorbers
Wet scrubbers
Condensing wet scrubbers

temperature decreases and the humidity increases as the reagent slurry simultaneously
reacts with acid gases and evaporates to dryness. In some systems, a portion of the dried
products is removed from the bottom of the spray dryer, whereas in others, it is carried
over to the dust collector. Collected reaction products are sometimes recycled to the feed
system in order to reduce reagent consumption.

Toxic metal removal in the dust collector is enhanced by cooling the incoming flue gas
(from 2000 to 450 °C) as it passes through the spray dryer. Because of the cooling, some
vaporized metals condense to form fine particulates, which grow through impaction and
agglomeration with the very high number of lime droplets produced by atomization
devices. Then these agglomerated particles are easily removed. Generally, the lower the
spray dryer outlet temperature, the higher the efficiency of the acid gas absorption and the
vaporized toxic metal removal. The minimum reliable operating outlet temperature
depends on the spray dryer and dust collector design, and on the composition of the
dry fly ash reaction product. The spray dryer outlet temperature must be maintained high
enough to ensure complete reagent evaporation and the production of a free-flowing
product.

2.10.3. Wet scrubbers

Wet scrubbers control the vapor phase emissions through gas cooling and collection of
the resulting condensed fine toxic metal particulates. The most commonly used wet
scrubbers for this type of service are the electrostatically (or ionizing) enhanced wet
scrubbers and the condensing wet scrubber.

Electrostatically enhanced scrubbers capture the condensed fine particulate by impart-
ing a charge to the incoming particulate and then collecting these charged particles on
neutral packing material or negatively charged collecting electrodes.

Condensing wet scrubbers sub-cool the incoming flue gas to below its adiabatic
saturation temperature. This will cause the condensation of a larger fraction of the vapor
phase metals, and in addition, it induces water vapor to condense forming a large number
of droplets to aid in the collection of fine toxic metal particulate.

In this system, the flue gas enters the quenching section where it is first cooled to its
saturation temperature. Then it goes to the condenser/absorber where it is further cooled to
about 10—90 °F by contact with a cooled reagent stream. Afterwards, the flue gas (now
containing condensed toxic metal particulate and water droplets) passes through the
collision scrubber, where the fine droplets impinge on a flat surface. There the fine
particulate and water droplets interact and agglomerate, resulting in particulate capture.
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Finally, the flue gas passes through an entrainment separator for droplet removal and it is
discharged through the stack.

2.10.4. Sorbent injection

It should be noticed that the high volatility and existence in the vapor phase make such
trace element control a very difficult task to accomplish. In principle, trace elements in
vapor phase can be condensed by lowering the temperature. However, as indicated above,
the resulting loss in buoyancy of the flue gas would require reheating the flue gas, which
would not be economical. Furthermore, the resultant particles may be in the submicrom-
eter sizes, and these particles are not effectively captured in conventional particulate
control devices [111]. Capture of these species on sorbents by physical or chemical means
is therefore a very attractive alternative.

Various researchers have studied the interaction between trace metals and various
sorbents [112]. The sorbent—metal interaction can be physical or chemical in nature, or it
can be a combination of these two processes depending on the temperature under
consideration. Prior investigations have been conducted to determine the effectiveness
of different mineral sorbents in the removal of cadmium, lead and alkali metal compounds
from hot flue gas. Uberoi and Shadman [113] have studied the use of mineral sorbents
such as silica, alumina, kaolinite, emathlite and lime for the removal of cadmium
compounds from high temperature (800 °C) flue gases. They found the overall sorption
process to be a complex combination of physical adsorption and chemical reaction.
Gullett and Raghunathan [114] investigated the effectiveness of high-temperature furnace
sorbent injection for capture of metal emissions on pilot scale. Mineral sorbents such as
hydrated lime, limestone and kaolinite were shown to be effective for arsenic, cadmium
and lead capture at 1000—1300 °C range. Ho et al. [115] reported that in a fluidized bed
combustor, optimum capture of lead and cadmium using mineral sorbents takes place at
around 700 °C. Other sorbents such as fly ash and activated carbon have shown to be
possible alternatives to these mineral sorbents. Trace elements such as As, Cu, Mo, Pb and
Zn have been shown to be concentrated on fly ash in a power station flue gas [116].
Wouterlood and Bowling [117] studied the capture of arsenious oxide (As;Og) on
activated carbon. They found that activated carbons were quite effective in trapping the
oxide, and the amount of As;O4 absorbed at saturation ranged from 25% to 45% of the
weight of carbon at 200 °C. The capture was reversible and it increased with the total
surface area of the activated carbon. Cheng et al. [110] investigated the effects of
limestone, CaSQ,, bauxite, kaolinite and CaO on the emission of trace elements, SO, and
NO, during coal combustion. They found that the absorptive capacity is related to the
qualities of the absorbents (type, amount and particle size) and the combustion temper-
ature. Their results also show that some absorbents can reduce SO, emission simulta-
neously, but no influence on NO, emission. Vassilev et al. [118] found that kaolinite and
montmorillonite or coals enriched in these minerals are perspective sorbents and inertants
for a retention of the most volatile Pb, Sb and Cu in refuse-derived char ash from
municipal solid waste.

In the past few years, dry sorbent injection for in situ capture of metal from hot flue
gas has been studied with the aim of developing a potential control technique. Due to
the occurrence of multiple trace elements in flue gas in addition to SO,, NO,, etc.,
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Fig. 4. Combined systems approach—emissions control scheme [100].

recent efforts of the research community have been geared towards developing a
multifunctional sorbent which is capable of reducing emission of most of the pollutants
below a certain acceptable standard. Activated carbon offers an attractive option for use
as a multifunctional sorbent in the low temperature range because of its performance in
capturing mercury and SO,. Direct injection of activated carbon into the flue gas stream
in the duct region has been proposed to be an effective technology since it has the
potential for high mercury removal efficiencies. Calcium-based sorbents, because of
their low cost, have been used extensively for the capture of acidic species such as
sulfur dioxide. These sorbents also offer an attractive option to be used as multifunc-
tional sorbents because of their ability to capture sulfur species as well as trace
elements such as selenium and arsenic species. When used as a sorbent to capture the
toxic species in the flue gas, the sorbent interacts with various components and the
extent of interaction kinetics depends on the individual sorbent species. Sulfation
kinetics of these sorbents has been extensively studied in the literature, however, it
lacks a systematic study investigating the interaction kinetics of lime sorbents with trace
metals such as arsenic.

Emissions levels of toxic metals from incinerators equipped with modern air-pollution
control systems are several orders of magnitude lower than levels in 1980. High collection
efficiencies are achieved for the 10 toxic metals proposed for regulation (Ag, As, Ba, Be,
Cd, Cr, Hg, Pb, Sb and T1) [101]. Current regulations are based on health risk assess-
ments, and set emission limits that are highly protective of human health and of the
environment. However, continued public concern regarding incinerator metal emissions
may result in additional and more complex control systems being required in the future.
For example, Fig. 4 shows a combined systems approach to strongly control incinerator
emissions.

3. Promising research topics on trace element emission
Based upon the literature review above, the following research aspects are promoted:
(1) Trace element speciation and enrichment in coal and coal ash.

The relationship between associated elements and coal macerals with mineral matter
should be investigated by systematical tests of TE speciation and enrichment in typical
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coals and their fly ash. Meanwhile, the quantitative relationship between TE parti-
tioning in fine particulates with TE content, form and other compositions in coal
should also be studied.

(2) Trace element partitioning in combustion process.
A new thermodynamic equilibrium model including equilibrium calculation of
interactions between elements should be developed based upon the chemical
equilibrium principle. The model can be used to predict the status of TEs in the
combustion process and their partitioning following cooling process in the flue gas.
Thus, the reaction mechanisms of TEs and the interaction between TEs and other
pollutants in the combustion process can be obtained.

(3) Mechanisms of transformation and control technologies for easily vaporized TEs
during combustion.
A relatively effective model should be developed using heterogeneous chemical
kinetics to describe the transformation and mobility characteristics of easily vaporized
TEs in a combustion process. The vaporization, nucleation mechanisms of TEs, their
retention by fly ash and the reaction mechanisms of solid sorbents with TEs should be
further investigated, with an objective to develop simultaneous control technologies
for TEs and other pollutants with high efficiency and low investment.

4. Conclusion

In this study, a brief introduction is given about the environmental hazards of coal
energy, and more details focused on TE toxicity and the current legislation concerning
TEs. This part of introduction shows the absolute necessity of reducing pollutant emission
from coal utilization due to the great concern to their environmental and health impacts
and the existing (or to come) regulation limits. The TE behavior during coal combustion is
reviewed, with a number of information about TE occurrences in coal; their emission in
gases, fly and bottom ashes; their behavior in the combustion zone and their transforma-
tion mechanism; their kinetic oxidation mechanism; and some current technologies of TE
emission control. Finally, research needs on trace element emission are discussed.
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Abstract

Mechanisms governing the fate of trace metals during coal combustion are reviewed, and
new theoretical results interpreting existing data are presented. Emphasis is on predicting
the size-segregated speciation of trace metals in pulverized coal-fired power plant effluents.
This facet, which determines how trace metals originally in coal impact the environment, is
controlled by fuel composition and combustion conditions.

Multicomponent equilibrium calculations are used to predict vaporization/condensation
temperatures for antimony, arsenic, beryllium, cadmium, chromium, lead, mercury, nickel, and
selenium compounds in coal combustion flue gases, for a representative Illinois No. 6 coal.
Experimental data show that equilibrium provides a good guide on the effect of chlorine on the
partitioning of pure nickel, cadmium, and lead salts, introduced separately into a gaseous
turbulent diffusion flame within an 82 kW combustor. Metal nuclei coagulation mechanisms
are examined using existing computer codes, and these predict that coagulation does not allow
condensed metal nuclei to be scavenged by existing coal ash particles. Rather, literature data on
trace metal enrichment on small particles are consistent with processes of reactive scavenging of
metals by larger particles, and it is suggested that these processes might be exploited further to
convert these metals into environmentally benign forms.

1. Introduction

This article contains both old and new results, and its purpose is three-fold: first, to
elucidate why an understanding of mechanisms governing the fate of trace metals is
important; second, to summarize the current understanding of these mechanisms
during pulverized coal combustion; and third, to present some new results that help

* Corresponding author.
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Table 1
Metals regulated under RCRA and CAAA

Metal Symbol RCRA regulated® CAAA regulated®
Antimony Sb yes yes
Arsenic As yes yes
Barium Ba yes no
Beryllium Be yes yes
Cadmium Cd yes yes
Chromium Cr yes yes
Cobalt Co no yes
Lead Pb yes yes
Manganese Mn no yes
Mercury Hg yes yes
Nickel Ni yes yes
Selenium Se yes yes
Silver Ag yes no
Thallium Tl yes no

? Appendix VIII regulated as metal and compounds, not otherwise specified. Other specific metal
compounds including cyanide compounds of calcium, copper, potassium, sodium, and zinc as well as
oxides of vanadium (V) and osmium (VIII) are also regulated [1]. RCRA air emission limits are
proposed.

*Proposed [2].

quantify the relative importance of some of the various mechanisms considered. This
paper’s focus is on pulverized coal combustion, and considers mechanistic informa-
tion on the fate of metals in other systems, only insofar as these shed light onto events
pertinent to pulverized coal. The intent is neither to present a copious review of the
occurrence of trace metals in coal, nor to review all the trace metal emission data that
are available. Rather, the intent is to restrict discussion to mechanisms that can be
quantified, and that have the potential to be used to predict the ultimate fate of trace
metals in pulverized coal combustion systems.

In the US, two sets of regulations govern air emissions of metals from combustion
systems including hazardous waste and municipal waste incinerators. These are the
Resource Conservation and Recovery Act (RCRA) [1] and the Clean Air Act Amend-
ments (CAAA) [2] (Table 1). Hazardous waste incinerators (HWIs) and boilers and
industrial furnaces (BIFs) which destroy hazardous waste are regulated under RCRA.
RCRA regulates metal emissions based on risk assessment arguments which limit the
ground level concentrations that may be inhaled by the “most exposed individual”.
Metals regulated by RCRA include a set of carcinogenic metals (arsenic, beryllium,
cadmium, and chromium) and a set of noncarcinogenic metals (antimony, barium,
lead, mercury, nickel, selenium, silver, and thallium).

Title III of the CAAA places limits on the emissions of 189 organic and metallic
hazardous air pollutants (HAPs) including air emissions from a variety of combustion
sources. While at present utility boilers are not included, studies are underway to
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determine whether these sources should also be regulated. Metals regulated under
Title III of the CAAA include antimony, arsenic, beryllium, cadmium, chromium,
cobalt, lead, manganese, mercury, nickel, and selenium. While municipal waste incin-
erators (MWIs) are also regulated under the CAAA, HAP emissions from these
sources are specifically exempted. For MWIs, Title III Section 129 requires the
Administrator to publish a schedule for the promulgation of emission standards
for several substances including numerical emission limits for cadmium, lead, and
mercury [2].

There exist copious literature data on the size segregated trace metal content of
pulverized coal ash. Table 2 summarizes the results of several authors, and indicates
that many of the trace metals of regulatory concern {see Table 1) are concentrated
within the submicron particle size fraction. This is important, because these submi-
cron particles are most easily inhaled and deposited in the lungs, and are collected by
air pollution control devices with minimum efficiency. The latter point is clearly made
in Fig. 1, in which the fly ash particle size distribution before and after an electrostatic
precipitator is shown [3]. Note the bimodal distribution. Although the fly ash
submicron fraction before particulate control may contain less than 5% of the total
mass, it is equal to approximately 50% of the total mass downstream of the electro-
static precipitator. The small particles contain neither the momentum to be removed
by impaction nor the high diffusional velocities necessary to migrate to collection
surfaces. Improved removal of these small particles, which are often enriched in trace
metals, requires advanced high efficiency bag houses or condensing precipitators, and
these are uncommon in coal fired utility plants.

Trace metals can be neither created nor destroyed during combustion. However,
combustion environments can cause trace metals to be distributed among different
particle sizes and species. Of paramount importance, therefore, is not only the
size-segregated trace metal concentration, but also the speciation of the trace metal as
it enters the environment, either as a solid stream (for landfill or sale) or as an air
emission. Although collected power plant ash, whatever its composition and specia-
tion, is currently defined as a “non-hazardous waste” and is exempt from RCRA
regulations regarding its disposal, the speciation of trace metals will determine the
solubility of any trace metal contained in the ash, and the ease with which it can be
isolated from the groundwater and aqueous environments. Combustion may also
promote metal reactions with other species, and thus affects metal speciation. For
example, glasses containing trace metals and other inorganic species may serve to
isolate the trace metals from the environment, and so their formation in the combus-
tion process might be encouraged.

2. Mechanism overview

Fig. 2, adapted from Linak and Wendt [4], shows possible routes along which trace
metals are partitioned into vapor, submicron aerosol, and supermicron aerosol.
Several paths that pertain specifically to coal are distinguished by thick bold arrows
and lines. Trace metals contained in solid or liquid fuels may be chemically bound to



Table 2

Coal combustion investigations describing submicron fly ash elemental enrichment (adapted from Linak

and Peterson [35])

Investigation

Submicron enriched

No enrichment trend Submicron depleted

Biermann and Ondov
(1980) [42]

Coles et al. (1978) [44]
Damle et al. (1982) [45]*

Davison et al. (1974)
[43]

Desrosiers et al. (1979)
[46]

Flagan and Taylor
(1981) [47]

Gladney et al. (1976)
(48]

Haynes et al. (1982) [38]

Kaakinen et al. (1975)
[49]

Kauppinen and
Pakkanen (1990) [50]

Klein et al. (1975) [51]¢

Linak and Peterson
(1986) [35]

Markowski et al. (1980)
[3]

Neville and Sarofim
(1982) [37]

Neville et al. (1983) [52]
Ondov et al. (1978) [53]

Ondov et al. (1979) [54]

Quann and Sarofim
(1982) (55]

Quann et al. (1982) [56]
Shendrikar et al. (1983)

[57]
Smith et al. (1979) [58]

Smith et al. (1980) [59]°

Ba, Se, U, W

Pb, Ra, Th, U

Sb, As, Cd, Pb, Mo, Se,
W, Zn

Sb, As, Cd, Cr, Pb, Ni,
Se, S, Tl, Zn

Si, S

C, Si, Na, S
Sb, As, Br, I, Pb, Hg, Se

Sb, As, Fe, Mn, Hg, K
Sb, As, Cu, Pb, Mo, Po,
Se, Zn

Ca, Cd, Cu, Pb, Sr, S, V

Sb, As, Cd, Cu, Cr, Ga,
Pb, Mo, Ni, Se, Na, U, V,
Zn

As, Pb, K, Na, Zn

Sb, As, Cd, Cr, Ni, Rb,
Se, V, Zn
Al, Sb, As, Si, Na

Al, Sb, As, Cr, Na, Zn
Sb, As, Ba, Ga, In, Mo,
Se, U, V, W, Zn

Sb, As, Ba, Mo, Se, V, W
Mg, K, Na

Sb, As, Cr, Cl, Co, Mg,
P, K, Na, Zn
Sb, As, Cl, Hg, Ni, Se, Zn

Sb, As, Br, Cu, Cr, Ga,
Pb, Hg, Mo, Ni, Se, S,
Sn, V, Zn

As, Cu, Cr, Ga, Ge, Pb,
Mo, Ni, Se, Sn, V, Zn

Fe, Na

Ce

®Ba, Cr, Co, Ni, Mn, Na, ©Al, Ca, Ce, Hf, Fe,
Sr, vV Mg, K, Si, Ti

Al, Be, C, Fe, Mg, Mn, Bi,Ca, Co, Cy, K, Sn,
Si, vV Ti

Ca, Mg, K, Na Al, Fe

Na Ce, Fe

Mg Al, Ca, Si

Al, Fe, Nb, Rb, Sr, Y

Al, Fe, Mg, Mn, Na, Si,
Ti, Zn

Al, Ba, Ca, Ce, Co, Eu,
Hf, Fe, La, Mg, Mn, K,
Rb, Sc, Si, Sm, Sr, Ta,
Th, Ti

Al, Ca, Fe, Mg, Mn, Sj,
Ti

Fe, Ti Al, Hf, Mg, Mn, Ta

Fe, Mg

Ca, Fe, Mg

Al, Sc, Th
Al, Ca, Mg
Fe, Mg
Al, Ba, Ca, Ce, Fe, La,

Mn, Nb, K, Rb, Si, Sr, Ti,
Y, Zr

2 Literature review.

bSlight enrichment or no change.
¢ No change or slight depletion.
4Species Br, Cl, Hg, Se in vapor phase, high filter penetration.
¢Species As, Br, Cl, 1, Hg, Se in vapor phase, high filter penetration.
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Fig. 1. Comparison of submicron and supermicron particle collection efficiency through a high efficiency
electrostatic precipitator (adapted from Markowski et al. [3]).

the organic fuel matrix (inherent inorganic matter), dispersed within the solid fuel
particle as minerals (included mineral matter), or as minerals, completely extraneous
to the fuel particle (excluded mineral matter). The mode of occurrence of trace metals
in coal has a large bearing on which mechanisms are important. Further elaboration
on which metals are found in which mode for a variety of coals is outside the scope of
this paper, and has been discussed by others [5]. Of interest here is to determine the
extent to which variations in the initial form of the trace metal (organic/inherent,
included, excluded) affect the subsequent transformation of the metal before it leaves
the process. The overriding question is whether the metal will leave the combustor as
vapor (as expected for mercury), as submicron particles, which are difficult to collect
and isolate from the air environment, or whether it will form or combine with easily
collectable large ash particles, which may, either with or without further treatment, be
isolated from the aquatic and soil environments.

The behavior of a volatile metal which is initially bound in a char matrix, in close
proximity to other inorganic minerals, can be examined indirectly by revisiting the
release of another volatile metal, such as sodium initially bound in coal. The release of
potassium and sodium during coal combustion has been studied by a number of
investigators [6—14] and may shed light on what might be expected for trace metals
organically bound in the coal matrix. These studies show (1) sodium bound to carbon
in the char is released at temperatures far above the boiling point of a pure sodium
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Fig. 2. Possible controlling mechanisms for particle formation in combustion systems (adapted from Linak
and Wendt [4]).

compound; (2) much of the sodium is captured by aluminosilicates and the amount
captured increases with increasing temperature, thus causing the amount released as
vapor to decrease with increasing temperature; (3) one volatile species, originally
bound within a mineral (such as potassium within illite) where it is non-volatile, can be
displaced and released by another volatile metal (such as sodium); and (4) the size of
the silicate inclusions is also a factor in capturing the volatile metal. Whether some or
all of these phenomena occur for trace metals is highly questionable, but they should
not be excluded a priori.

3. Equilibrium predictions

As suggested in Fig. 2, a likely, but not the only, mechanism for the formation of
small particles enriched in trace metals, is through high-temperature vaporization.
Metal constituents may be vaporized as introduced or after transformation
within the combustor. Supersaturated vapors may then condense heterogeneously
on the surfaces of existing particles or nucleate homogeneously to form new
particles. To address this mechanistic route, one might consider the vapor pressures
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Fig. 3. Equilibrium predictions of condensed trace metal species as a function of temperature in a simulated
coal fired utility boiler flue gas environment. Flue gas elemental concentrations calculated for an Illinois
No. 6 coal and 20% excess air (Table 3) were used. Trace metal products considered are presented in
Table 4. No metal/(metal or silicon) interactions were considered except as noted. Equilibrium predictions
(a) with sulfur, and (b) without sulfur are included. Note that no condensed mercury species are predicted

above 200 K.

of selected trace metal compounds, since this provides a guide to their potential
volatility. Vapor pressures of pure compounds, however, do not show which species
are favored according to equilibrium considerations, and do not, by themselves,
predict when and under what conditions condensation will occur. Figs. 3(a) and (b)
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present results from multicomponent equilibria predictions made by the
NASA CET89 computer code [15]. This code calculates equilibria among a given
list of species, but allows only ideal gas mixtures and pure condensed species,
neglecting the possible formation of complex slags and glasses, which are known to be
formed [16].

Solutions obtained depend on the species for which thermodynamic data are
included, and if an important species containing the element in question is omitted,
the prediction will be quite incorrect. Since metal-metal interactions may be impor-
tant, the calculated solutions are also likely to depend on the mix of metal elements
which are specified in the initial mixture. In addition, equilibrium predictions do not
account for any kinetic or mixing limitations which may control species formation in
practice. However, even with these limitations, equilibrium predictions provide a rea-
sonable starting point to describe the behavior of metals. For the results presented
here, the calculations have included antimony, arsenic, beryllium, cadmium, chro-
mium, lead, mercury, nickel, and selenium, however, the equilibrium data set available
did not include any compounds of cobalt or manganese, which are, therefore, ex-
cluded. Table 3 presents the elemental concentrations used for the equilibrium
analyses which were calculated based on the flue gas composition of an Illinois No.
6 bituminous coal and 20% excess air. Trace metal products considered during the
equilibrium analyses are presented in Table 4. The trace metals were each examined
separately and, unless specifically noted, the equilibrium results presented are in the
absence of major metal or silicon species (see Table 3).

Figs. 3(a) and (b) present the mass fraction of predicted condensed species versus
temperature for nine trace elements at concentrations found in Illinois No. 6 bitumi-
nous coal [17,18]. In the presence of sulfur (Fig. 3(a)) equilibrium predicts that nickel,
beryllium, and chromium are the most refractory, forming condensed species at the
highest temperatures. Conversely, mercury, selenium, and arsenic are the most vol-
atile. In fact, these predictions indicate that mercury is unlikely to form any condensed
species even at temperatures as low as 200 K. If sulfur is removed from the calcu-
lations (Fig. 3(b)) the results are somewhat different. The trace metals are no longer
able to form sulfates or sulfides, and are more likely to form chlorides (even from the
small amounts of chlorine present) which tend to be more volatile. Fig. 3(b) indicates
that several of the curves have shifted to the left (chromium, cadmium, and lead).
Chromium is even predicted to form condensed species and then revaporize at lower
temperatures. In the absence of sulfur, Fig. 3(b) shows that even relatively small
amounts of chlorine keep lead in the vapor form (as PbCl,) until much cooler regions
of the combustor are reached. In fact, if the species PbCl, were also considered as
a possible species in the equilibrium calculation, then predictions would allow all of
the lead to remain as a vapor at temperatures as low as 200 K. However, Eddings and
Lighty [19] noted the absence of PbCl, in their experimental samples examining
incineration of contaminated soils. Nickel condensation is also affected by the pres-
ence of chlorine, but compared to lead, the effect is less notable until much higher
(percent) chlorine levels are available [4]. In general, the effect of chlorine is to lower
the temperature at which there is a transition between vapor and condensed trace
metal species. For coal combustion systems, this implies that even a small amount of
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Table 3

Elemental concentrations of an Illinois No. 6 bituminous coal used in equilibrium analysis

Ultimate analysis Wt% in coal® Fuel/oxidant species 1b mol®
Carbon (C) 59.87 C 4989
Hydrogen (H) 4.55 H 4.55
Oxygen (O) 8.52 [0 79175
Nitrogen (N) 1.37 N, 26.928
Sulfur (S) 3.76 S 0.118
Moisture (H,0) 13.31 H,0 0.739
Ash 8.62

Total 100.00

b Basis of 45.36 kg (100 1b) of coal and 20% excess

*Taken from Helble et al. [17].

ailr.

Major metal and Wt% in ash® Major metal and 1b mol?
silicon species silicon elements

Si0, 46.1 Si 0.0662
Al O, 18.0 Al 0.0293
Fe,0; 20.5 Fe 0.0221
CaO 53 Ca 0.00816
MgO 0.6 Mg 0.00130
Na,O 1.3 Na 0.00361
K,O 2.1 K 0.00385

¢Taken from Helble et al. [17].

9 Basis of 45.36 kg (100 Ib) of coal and 8.62 wt% ash.

Trace elements ppm in coal® 1b mol”

Sb 1.04 0.000000852
As 18.3 0.0000244
Be 1.63 0.0000181
Cd 0.66 0.000000589
Cr 32.8 0.0000631
Co 8.76 0.0000148
Pb 28.4 0.0000137
Mn 124 0.000225
Hg 0.14 0.0000000700
Ni 257 0.0000436
Se 1.66 0.00000210
Cl 12008 0.00343

¢ Parts per million by weight. Taken from DeVito et al. [18].

T Basis of 45.36 kg (100 1b) of coal.
#Taken from Helble et al. [17].
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Table 4

Trace metal products considered during equilibrium analysis®

W.P. Linak, J.O.L. Wendt/Fuel Processing Technology 39 (1994) 173198

Metal Products without sulfur Additional sulfur products

Antimony Sb, Sb,, Sb,, SbCl, SbCl;, SbCls, SbH;,  SbS, Sb,S;, Sb,S,, Sb;S,, SbySs, Sb;S;(s),
SbO, Sb, O, Sb(s), Sb(l), SbCl;(s), SbCl3(1),  Sb,S;(1), Sb,(SO4)s(s)
Sby0s(s —a), Sb,O;(s —b), Sb,0,(1),
Sb,03[0](s), Sba04l(s), Sb,O5(s), SbOCI(s)

Arsenic® As, As;, Asi, As,, AsCl;, AsH,, AsO,  AsS, As,S,, As;S,(s), As,Si(l), As,Sa(sl),
As,Og, As(s), AsCla(l), As;O3(s), As,O5(1),  As;S5(52), As,S5(1), AsyS4(s), As,Sa(l)
As;0;[a](s), AsyOs(s)

Beryllium Be, BeCl, BeCl,, BeH, BeN, BeO, BeOH, BeS, BeS(s), BeSO,(s — a), BeSO,(s — b),
BeO,H,, Be,Cl,, Be,O, Be,0,, Be;O;,  BeSO,(s — ¢)
Be,O4, Be(s), Be(l), BeCl,y(s), BeCl,(l),
BeO(a), BeO(l), BeO,H,(b), Be,C(s),
Be,C())

Cadmium Cd, CdO, Cd(s), Cd(l), CdCOQ,(s), CdCl,(s), CdS, CdS(s), CdSO,(s — a), CdSO4(s — b),
CdCl,(l), CdO(s), Cd(OH),(s) CdSOyus — 1)

Chromium Cr, CrCl, CrCl,, CrOCl, CrCly, CrOCl,, CrS(1), CrS(2), Cr,(SO,)1(s)
CrCl,, CrO,Cl, CrOCl;, CrCls, CrO,Cl,,
CrOCl,, CrClg, CrN, CrO, CrOH, CrO,,
CrOOH, Cr(OH),, CrO;, CrO,0H,
Cr(OH);, CrO(OH),, CrO,(OH),,
Cr(OH),, CrO(OH),, Cr(OH)s, Cr(OH)s,
Cr(s), Cr(l), Cr,Cs(s), Cr,3Cs(3),
Cr(CO)g(s), CrCly(s), CrCl,(l), CrCl;(s),
CrN(s), Cr;N(s), CrO;(s), CrOs;(s),
CrOs(1), Cr,05(s), Cr,0,(1)

Cobalt Co compounds were not included in the available data set.

Lead® Pb, PbCl, PbCl,, PbO, Pb,, Pb(s), Pb(l), PbS, PbS(s), PbS(l), PbSO,(1), PbSO,(2),
PbCl,(s), PbCly(l), PbO(rd), PbO(yw), PbSO,(l)
PbO(l), PbO,(s), Pb;O4(s)

Manganese Mn compounds were not included in the available data set.

Mercury Hg, HgCl, HgCl,, HgO, Hg(l), HgO(s) HgS

Nickel Ni, NiCl, NiCl,, NiO, NiO,H,, Ni(a), NiS, NiS(a), NiS(b), NiS(l), NiSO,(s),
Ni(b), Ni(l), NiCl,(s), NiO(1), NiO{2), NiS,(s), NiS,(l), NizS,(1), NisS,(2),
NiO(3) Ni;S,(1), NizSa(s)

Selenium Se, SeCl,, SeO, SeO,, Se,, Se,Cl,, Se(s), None included in the available data set.

Se(l), SeCl,(s), SeO,(s), Se,Cl,(1)

2 Unless otherwise noted, major metal and silicon compounds were not included, and therefore, formation
of silicates, aluminosilicates, or similar species which are known to occur were not predicted.

® Separate equilibrium calculations were performed with As in the presence of Ca to investigate the possible
formation of calcium arsenate [Ca;(AsO,),(s)].
¢ PbCl, omitted from data set.
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chlorine will enhance the vaporization of metals at low temperatures, and sub-
sequently delay their nucleation and condensation.

To illustrate the potential importance of metal-metal interactions, a set of equilib-
rium calculations were performed with arsenic and calcium together (with and
without sulfur) in order to examine the possible formation of calcium arsenate
[Ca3(AsOy,);(s)]. In the presence of sulfur (Fig. 3(a)), this compound is not predicted
to be formed. However, in the absence of sulfur (Fig. 3(b)) calcium arsenate is
predicted to be a preferred product. As a result of the refractory nature of calcium
arsenate, this scenario predicts that arsenic will behave similarly to nickel with respect
to volatility, and is less likely to be vaporized to form a submicron fume. Conse-
quently, arsenic in the presence of calcium (without sulfur) can be precipitated out as
a solid at high temperatures (1400 K compared to 700 K).

The partitioning of chromium is important, since hexavalent species, denoted by
dashed lines in Figs. 4(a) and (b), have been shown to be potent carcinogens, while
trivalent forms produce other toxic qualities. To illustrate the behavior of chromium
in more detail, Figs. 4(a) and (b) present the mass fractions of individual species
predicted to be stable as a function of temperature. In the presence of sulfur,
chromium forms a variety of oxides, oxyhydroxides, oxychlorides, and sulfates. Note
that chromium sulfate [Cr,(SO4)1(s)] is the predominant species at low temperatures.
In the presence of sulfur, only two hexavalent species [CrO,(OH),, CrO;] are
predicted to be stable in notable quantities, and these species are not predicted to be
stable at stack temperatures. In the absence of sulfur (Fig. 4(b)), however, vapor phase
chloride and oxychloride species are predicted to be stable at low (stack) temperature.
Note that both of these species (CrClg, CrOCl,) are hexavalent forms. While an
equilibrium analysis such as this has severe limitations, it does illustrate the impor-
tance of considering multiple effects and interaction between trace metals and other
species present in coal. Sulfur removal from coal may promote undesirable effects
elsewhere.

4. Experimental data on metal aerosol emissions from a swirl flame combustor

Linak et al. [20] have conducted experiments designed to shed insight into mecha-
nisms governing the fate of nickel, cadmium, and lead during combustion. The metals
were contained in aqueous salt (nitrate) solutions, which were atomized and injected
into a natural gas turbulent diffusion flame. Clearly, this situation is far removed from
how these metals might behave during pulverized coal combustion. However, these
relatively simple experiments allow specific mechanisms and effects to be isolated (and
compared to theory) without the added complications of (unknown or difficult to
quantify) reactions with aluminosilicates and/or calcium compounds, for example.

The 82 kW (280,000 Btu/h) combustor, stabilized gaseous turbulent diffusion
flames on an International Flame Research Foundation (IFRF) movable block
burner [21]. Two different particle sizing instruments were used, namely, a differential
mobility particle sizer (DMPS) for the submicron particle size distributions, and
a 30 Ipm Andersen cascade impactor for the larger particle size distributions. Care
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Fig. 4. Equilibrium predictions of chromium species as a function of temperature in a simulated coal fired
utility boiler flue gas environment. Flue gas elemental concentrations calculated for an Illinois No. 6 coal
and 20% excess air (Table 3) were used. Chromium products considered are presented in Table 4. No
metal/(metal or silicon) interactions were considered. Equilibrium predictions (a) with sulfur, and (b}
without sulfur are included.

was taken in designing the particle sampling probes, and the subsequent dilution
systems that were necessary to be compatible both with the appropriate instrument,
and the need to extract a representative sample. Details of the experimental equip-
ment and sampling and analysis system can be found elsewhere [20,22].
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Results, shown in Fig. 5, show some interesting mechanistic phenomena. Data is
presented showing both the submicron and the supermicron particle size distributions
(PSDs), with and without chlorine present. Without chlorine, and in the absence of
other ash particles, volatile metals such as cadmium and lead form a submicron fume
with a mass mean diameter of approximately 0.1 pm. This small particle diameter
suggests that, even in turbulent diffusion flames, it is difficult to coagulate nuclei to
form large collectable particles by themselves. Non-volatile metals such as nickel form
much larger particles, and the PSD is consistent with residual metal particles formed
from one particle per droplet. The effect of chlorine on nickel is profound; the
nickel aerosol behaves in an essentially similar manner as the volatile cadmium
and lead metals. The conclusions to be drawn from these data is that for simple
systems, where scavenging agents containing calcium, silicon, or aluminum are absent,
results predicted from equilibrium considerations appear to be valid, and the influence
of chlorine is significant. Therefore, the equilibrium predictions presented above
appear to have merit, provided that Table 4 includes all important trace metal
compounds.

5. Aerosol dynamics

Depending on the time/temperature history, combustion environment, and the
presence of other constituents, a portion of the metals present will likely vaporize
at high temperatures near the flame, and subsequently nucleate or condense at
lower temperatures downstream. These metals will form a suspended aerosol
along with particles which are generated by other mechanisms. These are convected
along with the exhaust gases and can undergo various physical transformations
which further influence the PSD. The following equation of convective diffusion
can be derived to represent a particle material balance over a volume fixed in
space:

% +V-nwv = V-DVn — Vone + R, (1/m3s), N

where n(v, x, t)(1/m?) is the number size distribution, and n(v, x, t)dv is the number of
particles per unit volume (1/m?) in the particle volume range v to » + dv, at position
x and time t. Particle volume, v, is used, rather than particle diameter d,,, since for
many simple theories employed here, total particle volume is a conserved quantity.
The gas velocity is given by v (m/s), D is the Fickian particle diffusion coefficient
(m?/s), and ¢ is the particle migration velocity resulting from external forces including
gravity (m/s). R,(n, x, t) is an important term, and represents the net source of particles
of size v, at position x, and time ¢, and includes several other internal physical
processes which generate those particles. These internal processes include: nucleation,
which allows the formation of new particles directly from the gas phase; coagulation,
which leads to particle growth due to particle adhesion or agglomeration, thus
changing the PSD, while conserving the total volume (or mass) of particles; and
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condensation, which changes the PSD because of particle growth caused by mass
transfer from the gas phase to an existing condensed phase. Thus

Rv = Rnucl + Rcoag + Rcond (l/m3s) (2)

Before Eq. (1) (to yield the PSD as a function of time and position) can be solved,
appropriate descriptions of each of the three terms on the right side of Eq. (2) are
required.

5.1. Nucleation

Theoretical expressions for the rate of nucleation have been derived from first
principles [23] and depend on S, the supersaturation ratio (P;/ P{*), as follows:

R, = Aexp<ﬁ> when d, = d* (1/m?s) (3)

and
Ry =0 when d, #d¥ (1/m?s). @

A and B depend on temperature, surface tension, droplet mass, monomer partial
pressure, and liquid density. d} is the critical nucleus size, given by

* 46Mwi

- W 5
dp piRTInS; (m), )

where S; = P;/P{ is again the supersaturation ratio, o the surface tension, p; the
density of the liquid, M,,; the molecular weight of the metal, T the absolute temper-
ature and R the gas constant. Clusters smaller than d} tend to evaporate, while
clusters larger than d¥ tend to grow.

From a practical point of view one should note that the rate at which nuclei are
produced is extremely sensitive to the supersaturation ratio, S;, and to the actual
speciation of the metal compound in the gas phase, since this affects not only S;, but
also d}, A, and B in Eq. (3). Scotto [22] has shown that the aerosol size evolution
arising from lead vapor nuclei depends strongly on the Pb/PbO ratio in the gas phase,
because the nucleation rate is sensitive to speciation.

Egs. (3) and (4) suggest that the competition between homogeneous nucleation,
with a very non-linear dependence on P{*, and heterogeneous condensation, which
can be shown to have a linear dependence on P§*, can be adjusted by varying the
temperature quench rates (d7/dt) in a combustor. Nucleation and condensation of
metal vapors in the neighborhood of burning coal particles has been investigated
theoretically by Senior and Flagan [24] and Helble et al. [25]. The effect of d7'/dt has
been theoretically investigated by McNallan et al. [26], who suggested that homogene-
ous nucleation of fine silica may occur at temperatures above 1700 K in spite of the
presence, in the gases, of pre-existing particles, when the gases are cooled at a rate in
excess of 600 K/s. The experimental data [27] shown in Fig. 6 further support the
hypothesis that increased temperature quench rate increases the emission of small
nuclei, although these data suggest that the increase was limited to that of sodium fume.
This result is in agreement with the results of Taylor and Flagan [28] and Lin et al. [29],
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Fig. 6. Effect of temperature quench rate on submicron fly ash particle composition from coal combustion
(adapted from Scotto et al. [27]).

in that it suggests that combustion conditions, including temperature quench rate, can
have a large influence on the nature of the size-segregated metal aerosol produced.

5.2. Coagulation
Coagulation is a second-order kinetic process where N; ;, the number (frequency) of
collisions per unit volume and time between particles of sizes i and j, is given by
Nij= Bijmn; (1/m3s) 6)

where n; and n; are the number concentrations of particles of sizes i and j, respectively
(1/m?) and B, ; is the collision frequency (m?/s), expressions for which are given below
(Egs. (8) and (9)). Using a continuous distribution function, n(v, x, t), defining B(v, v') as
the collision frequency between particles of sizes v and ¢/, and keeping track of the
number of particles of volume v, the rate of formation per unit volume of particles of
size v by coagulation can be shown to be [30]

Rigag = —;—jﬂ(v’, v—v)n@, x, )n(v — v, x, t)dv’
0

- Jﬁ(u’, v)n(v, x, Hn@, x, )dv’ (1/m3s) )
0
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Eq. 7 represents the source term describing coagulation for the continuous distribu-
tion function in the general dynamic equation (GDE) (Eq. 1). Development of different
forms of the collision frequency function, (v, v'), is given by Friedlander [30] and
depends on the Knudsen number, Kn = 21,/d,, where I, is the gas mean free path, and
d,, is the particle diameter. For spherical particles much larger than the gas mean free
path (Kn < 1), particle collision is Brownian diffusion limited, and B(v,v') takes the
form [31]:

B(v,v) = 4n(D + D)) <#) when Kn <1 (m?s), @®)

where D and D', and d, and d,, are the diffusion coefficients (which are low) and
diameters, respectively, of the two particles of interest. For particles much smaller
than the gas mean free path (Kn > 1), particle collision is described by the kinetic
theory of gases and molecular collision, and yields different coagulation rate coeffi-
cients, (v, v'), as explained by Fuchs [32]:

1/6 L 12 1/2
N 6kT 11 13 L 12
o= () (5) (o) wreem

when Kn» 1 (m3/s), 9)

where p,, is the particle density (kg/m?), and k is the Boltzmann constant. Fuchs [32]
also presents expressions for the intermediate regime (Kn ~ 1).

Coagulation predictions (coal fly ash)

To predict the PSD evolution due to coagulation, a multicomponent aerosol
simulation code (MAEROS) developed by Gelbard and Seinfeld [33] was used. This
model solves the GDE (Eq. 1) and can be applied to various environments including
an aerosol evolving within a combustion system. Fig. 7 illustrates the predicted
evolution of a coal fly ash aerosol due to coagulation only. The MAEROS code was
used for a particle size domain (d, = 0.001-100.0 pm) divided into 15 geometrically
equal sections or bins. Coagulation was the only mechanism considered. At time zero,
an initial mass of 25 mg/m?* was assigned to section 2 (d, = 0.0022-0.0046 um) to
simulate the nucleation of a vaporized fume. Another 475 mg/m? was distributed in
sections 10-14 (d, = 1.0-46.4 um) to simulate the coarse mode fly ash. The composite
aerosol was assumed to have the properties of fly ash (p = 2.5 g/cm?), producing
a number concentration of 7.5 x 10'” m~3. This initial distribution (see Fig. 7) is
based on a fly ash mass concentration of 500 mg/m?® (before particulate control)
allowing 5 percent of the mass to be vaporized to form a submicron fume. The
remaining mass (95%) has a mean particle diameter of between 10 and 20 um. These
conditions are consistent with Fig. 1 and literature data [34,35]. System pressure and
temperature were maintained at 1.01 x 10° Pa (1 atm) and 810 K (1000°F) to simulate
post-flame conditions. Although the code does allow for changes in both pressure and
temperature with time, this added complication was not deemed important because of
the weak temperature dependence of B(7T"/?). Following the initial distribution, Fig. 7
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presents six mass distributions which follow the evolving aerosol through six orders in
time (t = 0.1, 1.0, 10, 100, 1000, 10,000 s). Note that coagulation does not change the
total aerosol mass and that the areas under all seven curves represent 500 mg/m?.
Number concentrations, however, are affected and Fig. 7 shows that at 0.1s the
number concentration has fallen almost 2 orders of magnitude (1.5 x 101® m~3), and
the average nuclei particle size has grown (through coagulation) to approximately
0.02 pm. At 1.0 and 10.0 s the nuclei mode distributions have grown slightly further, so
that at 10.0 s the nuclei mode produces a mean diameter of between 0.07 and 0.1 pm.
This is important, as these times represent a range of typical residence times within
coal combustion systems. In fact, even after 10,000s (2.8 h) the average particle
diameter is only approximately 1.0 um with a number concentration of 2.7 x 10! m 3,

In summary, aerosol nuclei tend to coagulate very quickly at small times, due to the
dependence on two rather large number concentrations (Eq. 7), and then, at larger
times, as number concentrations fall, coagulation slows considerably causing the
aerosol to accumulate into a mode approximately between d, = 0.1 and 1.0 um. This
conclusion is supported by the experimental data presented in Fig. 5. As discussed
previously, particles in this size range exhibit minimum collection efficiencies in most
air pollution control devices. This characteristic distribution of a coagulating aerosol
has been termed the accumulation mode. Note that the coagulation mechanism does
not include the effect of differing fractal properties of the agglomerate formed, as
developed by Matsoukas and Friedlander [36] and for this illustration, a fractal
dimension of 3 (spheres) was assumed.

Also evident from Fig. 7 is that coagulation between the evolving nuclei mode and
the coarse mode is insignificant. Again, this is due in part to the large differences in
number concentrations. At time zero, nuclei are present in concentrations of approx-
imately 7.5 x 101" m~3. Coarse mode particles are present in concentrations of
9.4 x 10° m~ 3. Thus, even though the coarse mode contains 95% of the acrosol mass,
the coarse mode contains less than 0.0000013% of total aerosol number. This
difference encourages nuclei-nuclei coagulation even though f(v,v') is a minimum
when v =" (Eq.(9)). Thus, it would seem that the use of large ash particles to
scavenge submicron trace metal particles through coagulation is not possible in the
times available.

5.3. Condensation

Heterogeneous condensation does not affect the aerosol number concentration, but
allows for mass (or volume) addition through growth of existing particles. Heteroge-
neous condensation of a species onto the surface of an existing aerosol can be
described by the combination of a source term or growth law, I(v), which describes the
size dependent driving force for mass addition through condensation for particles of
size v (including chemical and physical properties of the system) times the number
density of particles of size v, n(v, x, t), at position x, and time ¢

0
Rcond = 5{][1(”)"(0’ X, t)] (1/m3 S)’ (10)
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where I(v) = dv/dt has units of m3/s. Growth laws for diffusion, molecular bombard-
ment, surface reaction, and droplet phase reaction are given by Friedlander [30]. For
example, as with coagulation, in the continuum regime (Kn < 1), growth is limited by
the rate of transport of a condensing species to the particle surface. The rate of
diffusional condensation of a species i on a single particle of (constant) size, d,,, for the
continuum range, is derived from Fick’s law in a quiescent medium as

2nd,Di,,

Fi(dp) = RT

(P — P#) when Kn<1 (gmol/s), (11)

where D, is the pseudo binary diffusion coefficient, and P and P} are the
condensing species vapor pressures far from and near the particle surface, respectively.
Depending on the particle size and the nature of the condensing species, Pi* may be
influenced by the Kelvin effect which results in an increase in the equilibrium vapor
pressure inside capillaries and over curved, compared to flat, (exterior) surfaces, and
the solute effect, whereby mixtures in solution tend to lower the individual equilib-
rium vapor pressures compared to pure species. The product of Fi(d,) and (M ,,;/p))
yields the growth law I(v) in the appropriate units of m3/s, rather than of gmol/s.
The mass fraction on an ash particle of a condensed metals species, W;(d,,), is given
by the mass condensed (in time, t) on a particle of size d,, divided by the particle mass:

M w,-JF,-(dp)dt

0
Wid,) = T Il (12)

Different condensation mechanisms will yield different dependencies of F(d,) on d,,. In
the cases that follow, it is assumed that d, does not change appreciably with time (thin
film approximation). Continuum film diffusion (Eq. 11, based on Nusselt number = 2)
yields F(d,) ~ d,, thus

Wid,) ~ 1/d? when Kn< 1, (13)

while free molecular film diffusion (mass transfer coefficient independent of d;) can be
shown to yield F(d,) ~ dZ, and thus

Widy) ~ 1/d, when Kn > 1. (14)

Species i may also react at the surface of a particle of diameter, d,. The reaction rate at
the surface per unit area, R;, is given by

ks

R,' =
RT

P (gmol/m?s), (15)

where k. (m/s) is the surface reaction rate coefficient and Pj is the partial pressure of
species i at the surface. Note that P§ may be much less than P§*, allowing this process
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to occur at temperatures higher than the dewpoint. Considering both continuum
diffusion and surface reaction, the flow of species i to the surface is given by

nd? 1
F; il Y N —— k
i(dy) RT<1/kr n dp/zbim> i (gmol/s) (16)
which reduces to Eq. 11 for k, > 2 D,,,/d, (stagnant film diffusion controlled regime),
and consequently, a 1/d2 dependence for W(d,). Under external surface reaction
controlled conditions (k, € 2 Dy, /d,):

k,nd?
Fid,) = RTPPE"’ (g mol/s) (17)
leading to
wid,) ~ 1/d,. (18)

A 1/d, dependence is also true if the reaction occurs within a porous particle, but is
pore diffusion controlled. There is no particle size dependence (no enrichment on
small particles) when the process is reaction controlled within the particle.

Physical condensation mechanisms (continuum and free molecular) occur when the
temperature is below the metal vapor dewpoint, (neglecting the Kelvin effect, which
allows condensation above the dewpoint). Chemical reaction can occur at any
temperature far above the dewpoint, and this facet is especially relevant to trace
metals in coal, where trace metal concentrations are very low, and dewpoints may also
be quite low.

Condensation and surface reaction mechanisms: experimental results

The theory presented above suggests that different condensation mechanisms can
lead to different dependencies of metal concentration with respect to particle size.
Fig. 8, compiled from data published by Neville and Sarofim [37] and Haynes et al.
[38], depicts, for sodium in coal fly ash, a 1/d, dependence in the free molecular
regime and a 1/d2 dependence in the continuum regime, and these data are completely
consistent with physical condensation and/or film diffusion controlled reaction, with
transport controlled by free molecular and continuum diffusion, respectively. Note
that the sodium enrichment data with the 1/d, dependence are for particles with
diameters less than the mean free path of the gas molecules (approximately 0.1 pm)
while those with the 1/d% dependence are for particles much larger than the mean free
path. Gallagher et al. [10] found that the slope of the 1/d? dependence in the
continuum regime decreased with increasing temperature. Neither the larger particles
(d, > 4 um) nor the very small particles (d, < 0.4 pm) followed a 1/d} dependence,
probably because significant amounts of sodium were present inside, not merely at the
surface of, particles at both size extremes.

The arsenic data of Haynes et al. [38] are especially significant, showing a 1/d,
dependence even for larger particles lying in the continuum transport regime. Arsenic
enrichment, therefore does not occur through physical condensation. Rather, the data
suggest a (slow) external surface reaction (or pore diffusion) controlled process.
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Fig. 8. The dependence of sodium and arsenic on coal fly ash particle size, showing 1/d, and 1/d;
dependencies (adapted from Neville and Sarofim [37] and Haynes et al. [38]).

A reactive scavenging process for arsenic is consistent with the very low concentra-
tions of arsenic both in the gas phase and in the reacted particles. The temperature of
the arsenic vapor was above its dewpoint (without reaction). A probable reactive
sorbent was a calcium compound, since, as shown by the equilibrium results in Fig. 3,
solid Ca;(AsQy,), can tie up and precipitate the arsenic at high temperatures, if
excessive sulfur (compared to calcium) is not present. Similar reactions may occur
between other trace metals and existing fly ash particles [38]. Scotto et al. [39] and
Uberoi and Shadman [40,41] have shown similar reactions between lead and
aluminosilicates.

The relative importance of film condensation (1/d2 dependence) versus reactive
scavenging (1/d, dependence) is not universally agreed upon. Biermann and Ondov
[42] suggested that, for coal, a 1/d2 dependence for arsenic, selenium, and tungsten
was superior to a 1/d, dependence, over a particle size range from 0.1-10 um,
although both correlations coincided for d, > 0.8 pm. Conversely, Davison et al. [43]
and Haynes et al. [38] strongly suggest that many trace metals (arsenic, nickel, and
cadmium in Davison’s study and arsenic, antimony, potassium, manganese,
vanadium, and tungsten in Haynes’ study) follow a 1/d, dependence over particle sizes
0.4 pm < d, < 10 pm (i.e,, the continuum range). This may have a significant positive
bearing on both the potential capture of trace metals in the vapor phase and the
potential leachability of trace metals in the collected ash. In summary, the data show
that surface condensation can account for the sodium mass contribution to the mid
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particle size range, although very small particles may consist of a sodium fume, and
large particles may contain sodium distributed throughout. Several trace metals on
the other hand appear to be reactively scavenged or chemisorbed on existing particles,
although the generality of this hypothesis, and its relationship to the presence of other
species in coal, remains to be established.

6. Conclusions

Trace metal transformation mechanisms during the combustion of pulverized coal
control the metal speciation in the effluent and the subsequent impact of trace
metals on the environment. Equilibrium considerations can provide a valuable guide
on the propensity of trace metals to vaporize or condense in coal combustion flue
gases. Experimental data from a practical combustor, into which individual metals
were introduced in an idealized form, supported equilibrium predictions, especially
the role of chlorine. Chlorine can strongly enhance the vaporization of many trace
metals.

Coagulation processes can be modeled using existing computational tools,
and these models agree well with experimental data. Coagulation, however, does
not allow particles in the submicron mode (approximately 5% of the total mass)
to be scavenged by the larger ash particles. Rather, the available data, with some
exceptions, show that arsenic, and many other trace metals, are captured by
existing ash particles via an external surface reaction controlled process. In contrast
to physical condensation, this reactive process allows interactions between metal
vapor and supermicron particles at temperatures above the metal vapor dewpoint,
and leads to enrichment that depends inversely on particle diameter itself, rather
than on the inverse of the square of particle diameter. Although more research is
needed, one might currently speculate that, through this form of reactive scavenging,
one can potentially use the high-temperature combustion process to convert trace
(toxic) metals into a more easily controlled, unleachable, environmentally benign
form.
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1. NOMENCLATURE

(o concentration, molecules
cm™3

o concentration in fly ash

Co C, coefficients

d, d, particle diameter

D diffusivity

F diffusion flux to particle
surface

1,, I, I; moments of free molecule
regime self-preserving size
distribution

Ip integral for diffusion to
surfaces of large particles

K coefficient, defined by Eq.
12

Kn Knudsen number

k Boltzmann constant

M total mass per unit volume

m mass of gas molecule

N() total number of particles per
unit mass at time ¢

n(v,t) particle size distribution
function, particles
cm*cm™3
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8. Sulfate Formation, 52
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n(d,) particle size distribution
function, particles
cm3em™?

A(v, 1) particle size distribution
function, particles
cm~3cm™3
pressure
number of ash particles
produced per coal particle
gas constant
temperature
time
gas velocity
total aerosol volume,
cm’g™!
particle volume
mass fraction ash in coal
accommodation coefficient
volume fraction ash in coal

(v,0')  collision parameter
dimensionless particle
volume
mean free path
time parameter, defined by
Eq. 12

¥(n) dimensionless distribution
function
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Subscripts r particle
s small particles produced by

ash homogeneous nucleation
c coal
! large particles produced by

breakup

2. INTRODUCTION

Particulate emissions from coal combustion sources were among the first
forms of air pollution to be controlled. The opacity of stack plumes and
the total mass of particulate matter emitted have been significantly re-
duced through improvements in combustor operation and the use of gas
cleaning devices such as electrical precipitators. In spite of these improve-
ments, coal combustion is still a major source of particulate emissions.
Moreover, electrical precipitators may show a minimum in collection
efficiency for particles in the 0.1-1.0 pm size range [1]. Such particles have
longer atmospheric residence times and greater effects on health and
visibility than would an equal mass of larger particles.

Coal combustion is an important source of heavy metals in the environ-
ment [2-9]. Many species. including cadmium, arsenic, selenium, lead,
nitrogen, zinc, and antimony, are present in the fly ash particles emitted by
coal fired power plants and in ambient urban aerosols in concentrations
much larger than their natural crustal abundance [10] as shown in Fig. 1.
Recent studies have shown that the concentrations of several trace species
in fly ash increase with decreasing particle size [11-17). Few measurements
of ash size distributions have been made using techniques suitable for
particles smaller than about 5 pm diameter [18]. Studies of the fractional
efficiency of particle collection equipment have recently provided some
more complete size distribution data [, 19, 20]. Data on the composition-
size distribution have been obtained for few sources and have not been
extended far into the submicron size range.

The composition-size distributions of particles emitted by coal combus-
tion sources are influenced by furnace design and operating conditions. A
wide variety of coal combustion equipment is currently in use. New
designs are being developed because of recent constraints on emissions of
gaseous and particulate pollutants and on fuel availability. Electrostatic
precipitator performance may be seriously impaired when a low sulfur coal
is substituted for a coal with a higher sulfur content and correspondingly
lower resistivity ash. Fabric filters may replace electrical precipitators for
particle collection where low sulfur coal is burned. Some combustion
modifications may change the quantities of fine particles in the flue gases.
To anticipate the future requirements for particulate emission control and
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Fig. 1. Enrichment factors for several elements on ambient particles collected in
several U.S. cities and on particles collected downstream of gas cleaning devices on
coal fired power plants. Enrichment is calculated relative to the natural crustal abun-
dance of the elements. (Data from Ref. 10.)

to evaluate the environmental impact of increased coal use, it is necessary
to know the characteristics of the aerosol entering the gas cleaning devices.
An examination of the mechanism of particle formation during coal
combustion may provide much of the necessary information.

Emissions from coal combustion may include several types of materials,
such as char, soot, fly ash, and droplets containing sulfuric acid. Improve-
ments in combustion conditions have, in recent years. reduced the amount
of partially burned coal char emitted from utility boilers. The combustible
content of the particulate emissions from large sources generally accounts
for only a small fraction of the total mass of emissions [11, 21]. Soot is
formed by the condensation and subsequent pyrolysis of high molecular
weight hydrocarbons [22, 23). Fly ash is formed from the mineral matter in
the coal. During combustion the mineral matter undergoes chemical trans-
formations to form ash and. if temperatures are sufficiently high, the ash
fuses to form spherical particles [24-34]. Some ash may be vaporized in
the high temperature flame region and later condense homogeneously to
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form large numbers of very small fly ash particles [35-37]. Submicron fly
ash particles may also be produced by the bursting of bubbles as gases are
evolved within molten ash particles [28, 29).

The presence of sulfur trioxide (SO;) in the flue gases of coal fired
boilers results in the formation of alkali metal sulfates or sulfuric acid
when it condenses [37]. The homogeneous oxidation of sulfur to form SO,
is fairly well understood [38]. Less is known about the mechanism of SO,
formation. Generally about 1% of the sulfur is present in the flue gases as
SO; [38]. As the flue gases cool. this SO, may condense with water vapor
to form sulfuric acid droplets. Stack temperatures are usually maintained
above the dew point of the SO;~H,O mixture to prevent acid condensation
within the stack.

Studies of the occurrence of deposits in boilers [37) and microscopic
examinations of fly ash particles [24-34] provide the basis for a pre-
liminary analysis of fly ash formation and identify some of the important
processes that occur. The present study is restricted to the examination of
particle formation in pulverized coal fired systems. This is the predominant
method of coal combustion for electric power generation. Moreover, most
of the available data on particle formation and emissions have been
obtained on pulverized fuel equipment.

3. PULVERIZED COAL COMBUSTION

Pulverized coal fired boilers burn coal that has been crushed and ground
to a fine powder (39, 40). The mass mean diameter of the coal particles is
typically in the range of 30 to 70 um. The distribution of coal sizes is
broad. A coal powder with a 50 um mass mean diameter may have 10% of
the mass smaller than 10 pm and 10% larger than 100 pm. The few
reported measurements of coal size distributions indicate that the distribu-
tion varies significantly from one power plant to another [41]. Coal burned
in a suspension at 1800-2500°K must remain at high temperature long
enough for the largest particles to burn completely. About 1 sec is required
to burn a 200 pm diameter coal particle. Smaller particles burn much more
rapidly,

Pulverized coal fired boilers are generally large; units producing 500
MW electrical output are common. Many furnaces larger than about 600
MW are divided into.two combustor chambers. Pulverized coal is injected
into the furnace with about one-fifth of the total air flow, the primary air,
through a number of burners [39]. A 500 MW boiler, illustrated in Fig. 2,
may have 30 or more burners arranged in one of a number of possible
patterns in the furnace walls. Preheated air is introduced into the furnace
through air registers coaxial with the burners. In the furnace the coal is
heated by thermal radiation and by mixing with hot combustion products,
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Fig. 2. Pulverized coal fired boiler.

igniting the coal particles. The temperatures of the burning coal particles
and the gas surrounding them rise rapidly. Mixing in the furnace is
relatively slow. As a result, the temperature and composition of the
combustion gases are far from uniform. Although peak temperatures may
be as high as 2500°K, some coal particles may be subjected to much lower
combustion temperatures. The variability in time—temperature history of
the coal particles may be responsible for much of the diversity of ash
characteristics observed in the emissions from a combustion system. A
complete representation of the kinetic processes occurring in a furnace
would require a statistical description of the composition and temperature
fluctuations and the residence time distribution in the boiler [42, 43].

In the furnace the temperature of the combustion products is reduced by
the combined effects of radiation and convective heat transfer. About
one-half of the heat released during combustion is transferred to the water
tube walls of the furnace before the combustion products enter the
convective heat exchangers. The temperature at the furnace outlet is
limited to about 1350-1500°K in order to prevent damage to the super-
heater tubes. A long residence time of the combustion gases in the boiler,
about 1 to 2 sec. is necessary to assure both complete combustion and
adequate heat transfer upstream of the superheaters.

A typical 500 MW pulverized coal fired electric power plant has a
furnace about 30 m high with a cross-sectional area of about 260 m? [44].



30 PARTICLE FORMATION IN PULVERIZED COAL COMBUSTION

Operating at about 35% thermal efficiency, this unit requires about 1430
MW of thermal input, for instance, approximately 48 Kg sec™' (170 T
hr™') of a bituminous coal with a lower heating value of 3X10"J kg™
(12900 Btu Ib~'). Burning a coal containing 10% ash, this unit produces
about 4.8 kg sec™! (17 T hr™"') of ash. If all the ash were carried out of the
furnace in the flue gascs, the aerosol mass loading would be about 9 g m ™3
at standard conditions.

Pulverized coal is burned in a variety of types of combustors. The peak
temperatures and the amount of ash impacting on the boiler walls are
strongly influenced by the furnace design. Some units, designed to achieve
-rapid mixing of fuel and air, result in high combustion intensities and thus
high flame temperatures. Boilers in which fuel and air mix relatively slowly
have lower flame temperatures. Because nitric oxide emissions increase at
high temperature, the latter designs are being favored for new installations.
Cyclone burners were designed to remove most of the ash from the flue
gases before they enter the superheaters where deposits cause reliability
problems. As much as 80~90% of the ash is impacted on the burner of a
cyclone fired furnace [45]. A large fraction of the ash, 60-100%, leaves the
combustion chambers of most other types of boilers with the flue gases.

After the combustion products leave the combustion chamber, they
enter a series of heat exchangers where heat is transferred from the hot
gases to the heat transfer surfaces primarily by convection. In this region
the combustion products are cooled from the hoiler outlet temperature to
the inlet temperature of the emission control equipment, 300-700°K, in a
residence time of several seconds. The formation of deposits in this region
and the corrosion that accompanies the deposits are major causes of boiler
failure. The fraction of the ash deposited in this region is probably small.

4. MINERAL MATTER IN COAL

The ash forming constituents of coal occur in two main classes. Inherent
mineral matter. which seldom exceeds 2% of the coal mass. is derived from
the original plant substance. Extraneous mineral matter is inorganic
material that was mixed with the plant substance as the coal was formed or
during mining operations [37].

The extrancous mineral matter may be present as very fine inclusions
dispersed throughout the coal volume, or it may be made up of large,
distinct structures. The mineral inclusions are generally small compared to
the mean coal particle size. Padia [33] has reported Rosin-Rammler
distributions fit to mineral size distributions measured after the carbon
matrix of coal was oxidized in a low temperature (T~425°K) oxygen
plasma. The measured volume mean diameters were 1.7 and 2 pm for a
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lignite and a bituminous coal, respectively. From the size distribution
parameters reported, the number mean diameter of the lignite inclusions is
about 1 um. It is not possible to determine the number mean diameter
using the parameters given for the inclusions in the bituminous coal.

The mineral matter in coal consists primarily of kaolinite (Al,O5 2Si0?-
2H,0), pyrites (FeS,). and calcite (CaCO,) [37, 46]. The major elements in
the coal minerals are those found in silicate rocks, silicon, aluminum,
calcium, magnesium, iron, sulfur, sodium, potassium, chlorine, and
titanium [47]. The mean concentrations of these major elements and a
number of minor and trace species in coal are presented in Table 1.

Table 1. MEAN COMPOSITION FOR 101 COALS*

Standard
Constituent®  Mean Deviation Min Max
As 14.02 PPM 17.70 0.50 93.00
B 102.21 PPM 54.65 5.00 224.00
Be 1.61 PPM 0.82 0.20 4,00
Br 15.42 PPM 5.92 4.00 52.00
Cd 2.52 PPM 7.60 0.10 65.00
Co 9.57 PPM 7.26 1.00 43.00
Cr 13.75 PPM 7.26 4.00 54.00
Cu 15.16 PPM 8.12 5.00 61.00
F 60.94 PPM 20.99 25.00 143.00
Ga 312 PPM 1.06 1.10 7.50
Ge 6.59 PPM 6.71 1.00 43.00
Hg 0.20 PPM 0.20 0.02 1.60
Mn 49.40 PPM 40.15 6.00 181.00
Mo 7.54 PPM 5.96 1.00 30.00
Ni 21.07 PPM 12.35 3.00 80.00
P 71.10 PPM 72.81 5.00 400.00
Pb 34.78 PPM 43.69 4.00 218.00
Sb 1.26 PPM 1.32 0.20 8.90
Se 2.08 PPM 1.10 0.45 7.70
Sn 4.79 PPM 6.15 1.00 51.00
v 32.71 PPM 12.03 11.00 78.00
Zn 272.29 PPM 694.23 6.00 5350.00
Zr 72.46 PPM 57.78 8.00 133.00
Al 1.29 % 0.45 0.43 3.04
Ca 0.77 % 0.55 0.05 2.67
Cl 0.14 % 0.14 0.01 0.54
Fe 1.92 % 0.79 0.34 4.32
K 0.16 % 0.06 0.02 0.43

Mg 0.05 % 0.04 0.01 0.25
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Table 1. (Continued)

Standard

Constituent® Mean Deviation  Min Max

Na 0.05 % 0.4 0.00 0.20
Si 2.49 % 0.80 0.58 6.09
Ti 0.07 % 0.02 0.02 0.15
ORS 1.4] % 0.65 0.31 3.09
PYS 1.76 % 0.86 0.06 3.78
SUS 0.10 % 0.19 0.01 1.06
TOX. 3.27 % 1.35 0.42 6.47
SXRF 2.91 % 1.24 0.54 5.40
ADL 7.70 % 3.47 1.40 16.70
MOIS 9.05 % 5.05 0.01 20.70
VOL 39.70 % 4.27 18.90 52.70
FIXC 48.82 % 495 34.60 65.40
ASH 11.44 % 2.89 2,20 25.80
BTU/LB 12748.91 464.50 11562.00 14362.00
C 70.28 % 3.87 55.23 80.14
H 4,95 % 0.31 4.03 5.79
N 1.30 % 0.22 0.78 1.84
(0} 8.68 % 2.44 4.15 16.03
HTA 11.41 % 2.95 3.28 25.85
LTA 15.28 % 4.04 3.82 31.70

“From Ref. 47, reprinted with permission.

Abbreviations other than standard chemical symbols: organic sufur
(ORS), pyritic sulfur (PYS), sulfate sulfur (SUS). total sulfur (TOS),
sulfur by X-ray fluorescence (SXRF), air-dry loss (ADL), moisture
(MOIS), volatile matter (VOL), fixed carbon (FIXC), high temperature
ash (HTA). low temperature ash (LTA).

When coal is heated, the mineral matter undergoes a number of transi-
tions [48]. At temperatures below about 500°K dehydration and changes in
mineral forms occur. Pyrite is oxidized at temperatures below about
800°K. Carbonates and sulfates decompose at temperatures in the range
500-1100°K. evolving CO,, SO,. and SO,. Alkali salts, such as chlorides,
are volatilized at an appreciable rate when the temperature exceeds about
1350°K. Silica may volatilize at temperatures higher than about 1900°K
(33, 35, 36. 49-54], largely because of the reduction of SiO, by reaction
with carbon to form SiO. which is much more volatile than Si0,. At
temperatures higher than about 2500°K . a condition that is not achieved in
conventional pulverized coal combustion but may occur in magnetohydro-
dynamic generators, appreciable quantities of alumina may also be volati-
lized. Measurements of the distribution of ash composition as a function of
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particle size suggest that many minor ash constituents are also vaporized
ing coal combustion.
du';}}?eg tesats that determine the ash content of coals involve tl]e slow
combustion of coal at a relatively low temperature, fibout 1000 K aqd
determination of the quantity of the residual ash. Since combustion in
boilers occurs at much higher temperatures, transitions that do not oceur
in the standard tests may take place. Some of these changes resp]t in the
evolution: of considerable quantities of CO,. SO,, gnd SO,. This decom-
position may account for a major fraction of the wglght loss of the ash, as
is shown in Fig. 3. Nonetheless, a substantial fraction of the ash may l?e
lost through vaporization. As much as 4-8% of the ash was vaporized in
ia's experiments [33].
pa'(lj'll?es le:dency of [as]h to melt when heated ha‘s posed problems lfqr‘
engineers since the earliest days of steam generation [37]. When coal 1s
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burned in a fuel bed, the ash softens and then may fuse to form clinkers.
To determine the relative tendencies of different coals to form clinkers,
tests were devised to measure the fusibility of ash. Empirical tests have
been developed to determine the initial deformation temperature, the
softening temperature, and the fluid temperature [37). More quantitative
information is obtained for some ashes by measuring the viscosity of the
ash as a function of temperature. The viscosity of the ash decreases rapidly
with increasing temperature and also depends strongly on the composition
of the ash. The presence of iron as Fe,O, in the ash results in the ash
behaving as a fluid at much lower temperatures than the same ash would
behave if the iron were present only in its reduced state, FeO [37]. Other
species have similar strong effects on the characteristics. ~
Examination of fly ash particles reveals that most particles were molten
during their formation process. The particles tend to be spherical except
where considerable agglomeration has occurred. Since the temperature at
which the ash becomes fluid may vary over several hundred degrees,
depending on the coal characteristics and whether the combustion environ-
ment is oxidizing or reducing, and since the peak temperatures are de-
termined by the combustion conditions. it is expected that combustion
conditions may strongly influence the character of the ash emissions.

5. FLY ASH PARTICLE FORMATION

The processes that influence the ash particle formation occur primarily
in the final stages of coal particle burnout. Initially, as a coal particle is
heated, volatile hydrocarbons originally present in the coal or produced by
pyrolysis are vaporized. Some of the mineral matter inherent in the organic
structure of the coal may be vaporized during this process. Mercury and
other extremely volatile ash constituents may also be vaporized during this
early phase of combustion. After the volatile hydrocarbons are vaporized,
the residual char burns by heterogencous oxidation, both on the external
surface of the coal particle and internally. Under some conditions a coal
particle may burn with very little change in diameter. the particle density
decreasing because of internal burning. The rate at which coal particles
smaller than about 100 pm burn is, at temperatures below about
2000-2500°K. controlled by chemical kinetic processes. Diffusion of
oxygen to the particle surface limits the rate of combustion of larger
particles.

On heating. coal swells and becomes hollow or porous [28. 32, 55-59].
The degree of swelling depends on both the coal type and the combustion
conditions. Hollow char particles, known as cenospheres, may be formed,
particularly if the heating takes place in a reducing atmosphere [55].
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Porous vesicular particles are more likely to form if the heating occurs in
an oxidizing environment. Coal particles burn on both external and
internal surfaces, so as a particle burns, fragile, lacy char structures are
formed that eventually disintegrate [28, 56—59}: ' ' .
Ramsden [28] has postulated that mineral inclusions in coal particles
melt within the carbon lattice as the combustion front approaches. Water
vapor, carbon dioxide, and other gases are evolved because of thf: tempera-
ture rise. If. the heating occurs sufficiently rapidly, the suddcp increase in
pressure within an inclusion and the decrease in the ash wsc':om‘ly may
shatter the inclusion, dispersing the ash into minute droplets. This dispersal
may be accompanied by the disintegration of the carbon framework.
releasing submicron particles into the gas stream, or thg Qroplcts may
remain within the carbon framework and coalesce into a liquid layer. The
ash has very high surface tension and does not wet the garboq surface.
Therefore as the receding carbon surface brings molten inclusions into
contact, the ash may coalesce to form spherical droplets‘ larger than lhcz
original mineral inclusions. If the temperature of the particle is below ll:ic
fusion point, the ash inclusions will not coalesce but.may agglomerate an h
if the temperature is not too low, sinter to form irregularly shaped as
particles. Hollow spherical fly ash particles, knowp as cenospheres, may
form if gas evolution occurs within the partncles at temperatures
sufficiently high (7 = 1200°K) for the ash to bt; fluid but low epough
(T < 1500°K) that the viscosity prevents the particles from expanding so
rapidly that they burst [26, 33, 34). Cenospheres are usually large (d,Z 50
um) and, in large furnaces, account for no more than a few percent of the
fly ash mass [26]. Fly ash particles containing bubbles have also been
observed {24]. These particles may be formed at lemper‘atures too low to
result in cenosphere formation. Cenospheres that contain fly ash or char
particles, called plerospheres [34], are probably formed from these par-
IICIOersl.ly a few of these processes need be considered to describe lhct
formation of the dense fly ash particles that account for most Qf [ht.: mass
of the particulate matter produced. These processes are summarized In Fllg;
4. As a coal particle burns, the mineral inclusions me!l and, when l)l(.
receding carbon surface brings them into contact with one anolhcr,
coalesce. Because of internal burning, the char partlc'le may break up into
a number of fragments. Thus more than onc ash particle may be producu:d
from each coal particle, but the total number_ of as_h par_ucles. produced
may be much less than the total number of mineral inclusions in the coal
particle. ‘
Laboratory experiments in which size segregated coal sample.s were
burned in a laminar flow furnace have demonstrated the relationship



36 PARTICLE FORMATION IN PULVERIZED COAL COMBUSTION

50% BURNED 75% BURNED  90% BURNED 100% BURNED
CRYSTALLITES
OF MINERAL
MATTER .
TER) [ ERICKS R AGGLOMERATION  BREAK-UP
I OF MOLTEN OF BURNING
C ASH PARTICLE

7 o @ |
—~ e

ASH
COAL PARTICLE PARTICLES
Fig. 4. Breakup mechanism for the formation of large tly ash particles.

between the coal particle size distribution and the size of large, dense ash
particles produced during combustion [33]. Two size cuts, 38—45 pm and
75-90 pm, of two coals, a Pennsylvania bituminous coal and a Montana
lignite, were burned under nearly constant temperature conditions. The
swelling bituminous coal formed more cenospheres than did the relatively
nonswelling lignite. Cenospheres were removed from the ash samples by
density segregation in water. The ash particles denser than water were then
sized by electron microscopy. Because of the sampling system. which used
water to cool the ash, the density segregation system, and the large
numbers of particles collected on the electron microscope grids, only
particles larger than a few microns in diameter could be counted reliably.
The measured size distribution of the ash particles could be correlated with
the coal particle size by assuming that three ash particles per lignite
particle and about five ash particles per bituminous coal particle were
produced during combustion. These numbers are consistent with the
expectation that the highly porous char particles formed by the highly
swelling bituminous coal would break up into a larger number of frag-
ments than the relatively nonswelling lignite. The number of ash particles
produced per coal particle did not vary significantly over a factor of 2
change in the coal particle size.

Application of this breakup model to the formation of large fly ash
particles in coal fired combusters requires knowledge of the coal particle
size distribution, the ash forming characteristics of the coal being burned,
and the combustion conditions. These data are not available for any
studies in which the ash particle size distributions were also measured.
Most measurements of coal particle size distributions have been made by
mechanical sieving of the coal and provide little information about par-
ticles smaller than 50 um. Measurements made using aerodynamic sizing
and microscopy provide some data on the quantities of particles as small
as a few microns in diameter, but the data are limited. Littlejohn [41]
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measured the size distribution of pulverized coal as supplied to the bur_ners
in a number of boilers. The coal particle size distribution varied consider-
ably from one installation to another. The ash content was alsq found to
vary with coal particle size as a result of the design of _pulvenz_ers. The
pulverized coal is removed from the mills aerodynamnqa]ly. Since the
mineral density, 2-6 g cm ™2, is higher than the coal 'densny. about 1.3 g
cm 3, particles that contain significant quantities of mineral matter tgnd to
remain in the pulverizers longer than do particles with a lower mineral
content. The finest particles measured by Littlejohn, of about 14 um
diameter, included many consisting entirely of mineral matter and had a
mean ash content as much as two times higher than the bulk of the coal.

In spite of these complications, we use these data to test the breakup
model for ash formation. For the present purposes we assume‘that the
mineral matter is uniformly distributed through all the coal parlxgles and
that p equal mass ash particles are produced from each coal Partlcle. We
further assume that the number of ash particles produced i§ independent
of the coal particle size and the density of the ash particles is constant. If
the mass fraction of ash in the coal is a (typically 5-20%), a coal particle
of mass m produces p particles of mass m=am’/p. Noting that the ash
density p, is greater than the coal density p., the volume of the ash
particles produced is

o= (1)
P
where
o = a(&) )
Pa

If the coal particle size distribution is n.(d.). the ash particle size distribu-

tion is
n(d,) = p(‘g)lpﬂc(dp(i)w) (3)

v

It is unlikely that the burnout of coal particles will resplt in_the formahqn
of ash particles smaller than the original mineral inclusions. For FhlS
reason the predicted ash size distribution has been truncated at the particle
size where the ash particles predicted by the breakup model are tbe same
size as the mass mean inclusion size. Below this size the coal particles are
not expected to contain enough separate mineral grains to produce more
than one ash particle per coal particle. These fine ash particles are assumed
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to have the same size distribution as the mineral inclusions in the coal and
1o be unaffected by the coal particle size.

These calculations are compared in Fig. 5 with the mass size distribution
data of McCain et al. [1], normalized with respect to the total mass of
aerosol expected from a coal containing 10% ash burned at a fuel-air
equivalence ratio of 0.85, that is, 15% excess air, with no loss of ash to the
boiler walls. The data (solid points) are the averages of the measurements
obtained at the electrostatic precipitator inlets of six pulverized coal fired
power plants. The curve is the prediction of the breakup model assuming
that the coal contains 10% ash and that the coal and ash densities are 1.3
and 2.3 g cm ™3, respectively, and using a Rosin-Rammler mass distribu-
tion. which Ficeld |40) suggests is typical for pulverized coal:

sy () st (sl )

where M is the total mass of coal per unit volume. It is assumed in this
calculation that p=4, The coal size data of Littlejohn [41] are used to
illustrate the sensitivity of the ash particle size distribution to the value of p
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Flg. 5. Comparison of the mass distribution calculated using the breakup mode! with
the fly ash size distribution measured upstream of electrical precipitators on coal fired
power plants. The error bars on the p=4 points indicate the standard deviation in the
calculated size distribution that results from the highly variable coal particle size
distribution data of Littlejohn [41].
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points. Values of p=1 (diamonds), p=4 (sql{ares), and p= 10 (circles) are
illustrated. In spite of the large uncertainty in the coal size data and the
use of coal size data and breakup model parameters derived in systems
different from those in which the measurements were made, the calcula-
tions are in qualitative agreement with the data. Par't of the dlscrepanc‘y
may be due to the arbitrary parameters used 1o estimate the tot.al mass
loading used in normalizing the fly ash data. The avalla‘b]e coal size data
permit predictions of ash size distributions only for particles larger than a
few microns in diameter.

The fly ash number size distribution provides more informat.ion. abgut
the submicron particles. McCain et al. [1] have measured the dl_stnbgu.on
of submicron fly ash particles by using a combination of particle sizing
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Fig. 6. Comparison of the number distribution predicted using the breakup model
with the data of McCain et al. [1].
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techniques. including a cascade impactor, an optical particle counter, and
a diffusion battery. These data are presented in Fig. 6. The predictions of
the breakup model for fly ash particle formation were made assuming p =4
and using the assumptions described earlier for ash constant and combus-
tion conditions. The solid line is the prediction made using the coal size
distribution of Field [40] and the open points are based on the data of
Littlejohn [41]. The broken line shows the effect of truncating the size
distribution with mineral size data obtained by Padia [33] for bituminous
coal. The total number of particles predicted by this model is much less
than the number measured by McCain et al. [1]. It does, however, show
very close agreement with the measured numbers of particles larger than
about | pym diameter. The discrepancy between the theory and the data
below | pm is sufficiently large that minor changes in the parameters used
in the calculations do not account for the difference.

6. FINE PARTICLE FORMATION

The simple breakup model predicts the size distribution of fly ash
particles larger than the mineral inclusions. The calculated size distribution
is in reasonable agreement with the measured volume distribution of fly
ash, but does not agree with the measured number distribution for par-
ticles smaller than about 1 pm diameter. A mechanism that can produce
several fly ash particles from a single mineral inclusion is required to
explain the formation of large numbers of fine particles.

Two mechanisms of fine particle production have been identified. Gas
evolution inside molten ash particles forms bubbles that may burst, break-
ing a single molten ash particle into a number of fine droplets [28]. The
size of particles produced by this mechanism is not known. but will
certainly depend on the ash composition and temperature, both of which
strongly influence the viscosity of the ash [37]. Measurements of the
contribution of this mechanism to fine particle formation are required
before the breakup model can be extended to include this process. Some
ash constituents vaporize in the flame. As the combustion products cool or
when the chemical form of the volatilized ash changes (e.g., oxidation of
SiO to form the less volatile species, SiO,). the ash may condense. In spite
of the high number densities produced by the breakup mechanism, some of
the vapor may condense homogeneously to form very fine particles. Soot
particles that are about 0.03-0.1 gm in diameter are formed in this manner
(22, 23, 28], and there have been observations of production of a very fine
silica aerosol, 0.01-0.15 pm in diameter, during coal combustion [35, 36].
The quantity of ash formed by homogeneous nucleation is not known.
Homogeneous nucleation can produce finer particles than would be ex-
pected by any mechanical breakup process. With the limited data available
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the relative importance of the two mechanisms for fine particle formation
cannot be evaluated. '

The quantity of ash in the submicron size range is only a small fracnpn.
0.5-4% [1], of the total mass produced during combustion. Condensation
of volatilized ash could, based on available data, form this mass of
submicron sized particles. Silica accounting for as much as 4% of the ash
was vaporized in laminar flow furnace experiments [33). Another 4% ash
loss that was not explained by ash decomposition may be the result of ash
vaporization (see Fig. 3). Although these data were not obtained in large
pulverized coal combustors, they do suggest that ash vaporization could
result in the formation of a quantity of fine fly ash comparable to the
measured mass of submicron particles. In the following analysis the
contribution of homogeneous nucleation to fine particle production is
explored qualitatively by assuming that a small fraction of the ash
vaporizes during combustion. .

Vaporization of 1% of the ash produces about 0.1 g of condensible
material per standard cubic meter. Homogeneous nucleation of this ash
would yield a very large number of extremely small particles, probably
much smaller than 0.0 pm in diameter. These particles may coagulate
with other particles produced by homogeneous nucleation, or they may
diffuse to the surfaces of the much larger particles produced by the
breakup process. In addition, heterogeneous condensation may occur a.lfter
homogeneous nucleation. These processes reduce the number of particles
produced by condensation and increase their average size.

As long as the particles are much smaller than the mean free path of the
gas molecules, the evolution of the aerosol produced by homogenepus
nucleation may be described by the theory of self-preserving size distribu-
tions for the free molecule regime [60, 61]. Previous applications of ‘this
theory have dealt with aerosol evolution in constant density systems. Since
the temperature in combustion systems may change over nearly an order
of magnitude, the analysis of Lai et al. [60] must be modified to treat
variable density flows. For a fluid with uniform composition, the kinetic
equation for aerosol evolution is [62]

an(v.t)

TR V -n(v,t)u

= %f“ﬁ(ﬁ.u— ) n(6.0yn(v— &.1)do
0

_j;wﬁ(o,ﬁ)n(v,l)n(é,l)dé (5)

where v is the particle volume, u the gas velocity. and f the collision
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frequency function. It is convenient to write the aerosol size distribution in
terms of unit mass of carrier fluid instead of volume. that is,

(o) = 220 (6)
p
Substituting Eq. 6 into Eq. 5 and using conservation of mass, the result is

pa_"g‘;’;’)+pu-v'7(l’~')

= %Zf"/x(a,u-5)ﬁ(5.:)ﬁ(u—ﬁ,z)da
0

_pzj(;xﬁ(u‘ﬁ)ﬁ(u,t)ﬁ(ﬁ,t)dﬁ @)

The left-hand side represents the substantial derivative

dn o -
P = pa—’+p||- Vi

The right-hand side represents the usual coagulation terms written in terms
of number per unit mass. The total number and volume of particles may
also be calculated on a mass basis, namely,

~

=]
N, =f0 Aa(v.r)dv

v, =j(;wuﬁ(u,r)du (8)

Following the analysis of Lai et al. [60). we find that the total number of
fine particles decays according to

dN. I{ 3 VWS 6kT\"* P\, ~
L P 287 V1. pvV/eN11/6
dt 2| 4n ] ( 0, ) (RT) VSN, ©)

where 1, =6.67 [60] is the dimensionless collision integral. From this result
we see that the rate of loss of particles due to coagulation varies inversely
with the 1/2 power of the temperature.

The number and size of the fine particles also change by diffusion of
fine particles to larger particles and heterogeneous condensation. The
self-preserving theory is a reasonable approximation for the evolution of
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the fine aerosol if the rate of loss of fine particles to the surfaces of larger
particles is slow compared to the rate of coagulation and the rate of
particle growth by condensation is small compared to the growth by
coagulation. The number of particles of size d, to d, + d(d,) diffusing to the
surface of a large particle of size d, per unit time is

_ 2nD(1 +Kn,)i,(d,)d(d,)

= (10)
(14 1.71Kn, + 1.333Kn?)

where Kn, =2A\/d, is the Knudsen number and the Fuchs and Sutugin
interpolation formula [63) has been used to describe the diffusion of
particles in the transition regime. The total rate of loss of small particles to
all large particles is

dN = Iy L,2uemkT Y2 N3/3V -2/
( d :)” BT 2/3 (1
{ (3)(1 +7a,/8)(6/7)
The diffusion integral is defined as
_( O+ Kn,)d, s (d,)d(d,) (12)
® " J4 (1+1.71Kn, +1.333Kn?)
and is a function of temperature since A°T. The integral
-~}
L= [ W dn (13)
0

has a value of 1.87. Thus total rate of decay of the number of particles is
the sum of Egs. 9 and 11, that is,

aN, _ _(i) 3 1/¢( 6kT "2(1)9./6,;,.1/6

dr 2 )| an o, RT) + "=
IpL,(2amkT )\ 2N3/3Y ~2/3
[(%)(l+wac/8)(6/w)2/3]

(14)

It is important to note that this equation is valid only if the magnitude of
the second term is much smaller than that of the first term.

The volume of small particles also decreases as a result of diffusion to
the surface of large particles. The rate of decay of the volume of fine
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particles is

av,  —IpL(3)QamkT) X (n f6) NIV

dr (14 7a./8) (13)

where

Iy = [ “n'p(m)dy = 0885 (16)

This model for the evolution of the size distribution has been used to
examine the contribution of homogeneous nucleation to the formation of
submicron ash particles. Several important assumptions were made. The
large particle size distribution given by the breakup model was assumed to
be unaffected by coagulation or by diffusion of fine particles to the
surfaces of the large particles. This assumption is reasonable for particles
larger than 1 pm but may not be appropriate for smaller particles. The
furnace, illustrated in Fig. 2, is modeled as a plug flow reactor with
uniform composition and temperature at any point. The temperature is
assumed to remain constant at a flame temperature of 1800°K for 0.5 sec.
The temperature of the combustion products then decreases at a constant
rate 1o the furnace outlet temperature, 1400°K, in 1 sec. Once the combus-
tion products enter the convective heat exchangers, heat transfer is more
rapid; the temperature decreases to 425°K in 2 sec. It was further assumed
that 1% of the fly ash was vaporized during combustion and immediately
condensed by homogeneous nucleation.

The fly ash size distribution calculated using this model is shown in Fig.
7. The total number of particles predicted is an order of magnitude greater
than the measured value, and the calculated size distribution has a narrow
peak at a particle diameter of about one-fifth that of the broader peak of
the measured distribution. Although the predicted small particle number
concentration is too large, we estimate that only one-fourth of the fine
particle volume is lost by diffusion to the surfaces of the larger particles.
We can, therefore, neglect the second term of Eq. 14 in the examination of
the causes of this large discrepancy.

The total number of particles is obtained by integrating Eq. 9 with the
assumption that the number initially is infinite:

N, = (2KVM/o) ™ (17)
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Fig. 7. Comparison of the number distribution calcutated using the breakup model
with homogeneous nucleation of 1% of the ash with the measured size distribution.

where

k= (17)[ ) ]/( 6?)‘/2( RPTO)
T =f0'\/TT,77‘ dt (18)

and Ty is an arbitrary reference temperature. The total number of particle_s
is proportional to 7-6/5_ Even with this strong dependence on the resi-
dence time. increase in the residence time alone cannot account for all the
discrepancy. The residence time would have to be increased by about a
factor of 30 to bring the calculations into reasonable agreement with the
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measurements. Such a factor would not be reasonable for the usual
combustion conditions.

Interparticle dispersion forces increase the rate of coagulation of aero-
sols in the free molecule regime by a factor that depends on the sizes of the
colliding particles and the ratio A /(kT) [61]). The Hamaker constant A4
depends on the nature of the two interacting materials. Graham and
Homer [61] have estimated the effect of dispersion aerosols on the coagula-
tion of a free molecular aerosol of lead with a self-preserving size distribu-
tion. The coagulation rate increased by a factor of 2 for a value of
A/(kT)=15 and a factor of 2.5 for A /(kT)=239. The Hamaker constant
of silica is 6-12x 107" erg [64, 65). The ratio A /kT is in the range 1.7-30
for a silica aerosol in a combustion system. Based on the calculation of
Graham and Homer [61). we estimate that the coagulation rate increases
by less than a factor of 2.5. Thus dispersion forces may reduce the total
number of particles by as much as a factor of 3. but cannot account for the
full difference between the measured and calculated number of particles.

The number of ash particles depends only weakly on the volume of ash
in the fine particle mode,

N, V5 (19)

however, the size of the particles produced is a somewhat stronger function

AL
df(%w") o V32 (20)

E

Thus an increase in the concentration of the condensing species would
reduce the number and increase the size of the particles produced by
homogeneous nucleation. A large change in concentration is required to
produce a significant change in the aerosol characteristics.

The composition of the gas in a flame is highly nonuniform. Although a
furnace is supplied with excess air, regions of the combustion zone have
greater than the stoichiometric fuel-air ratio. Spatial variations in com-
position occur in the regions of fuel and air injection, and some spatial
inhomogeneity may persist throughout the flow. Localized fluctuations in
composition that are dissipated by turbulence are also important to aerosol
evolution. Corrsin [66] has shown that second order kinetic processes, such
as aerosol coagulation, are accelerated by these small scale fluctuations in
composition.

Several processes not considered in the model may have major influence
on the particle size distribution. Heterogeneous condensation may increase
the size of the fine particles. Highly volatile ash constituents may condense
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after large numbers of particles have been produced by the homogencous
nucleation of less volatile species. Because of the very large surface area of
the fine particles, the more volatile compounds may condense on existing
particles. Species other than ash may also condense on the fine particles.
Sulfur trioxide and water vapor are both present in the combustion
products. As the combustion products cool. these two species may react to
form sulfuric acid and condense.

Some of the fine particles are soot rather than fly ash. The quantity of
soot produced during coal combustion is not known. Soot is formed by the
condensation and subsequent pyrolysis of high molecular weight hydro-
carbons [22]. These soot precursors are formed only in very fuel-rich
regions of flames. The soot particles burn readily in the presence of oxygen
at combustion temperatures but burn very slowly at lower temperatures
[67]. Relatively minor changes in combustion conditions may result in
substantial changes in the quantity of soot produced. In a recent study,
combustion modifications designed to reduce emissions of oxides of nitro-
gen resulted in a factor of 5 increase in the number of particles in the
range 0.01-0.1 pm diameter [20], the typical size range for soot particles.

Until the chemical composition of the submicron particles is known, we
can only speculate about the relative importance of ash, sulfates, and soot.
The contributions of these components may vary significantly from one
combustor to another. The formation of fine ash and soot particles is
dependent on combustion conditions. Sulfates may be present as either
gases or particles, depending on the flue gas temperature at the point
where the sample is taken.

Finally, the discrepancy between the model calculations and the
measured number of submicron particles may be attributed in part to
uncertainties in the experimental measurements. Even diluting the sample
by a ratio of 1000: 1, the number concentration of particles measured is
sufficiently high (initially 10'* m~* measured and 2x 10'* m~? calculated)
that either the diffusion battery-condensation nuclei counter system [1] or
the electrical aerosol analyzer [20] might not be able to count all the
particles. Moreover, neither of the two instruments has perfect size resolu-
tion, so it is expected that the measured peak in the number distribution
would be somewhat broader than the actual distribution.

7. FINE PARTICLE ENRICHMENT BY VOLATILE SPECIES

A number of ash species vaporize during combustion and later condense
either homogeneously or heterogeneously. Homogeneous nucleation pro-
duces very fine particles containing the volatile ash species. Heterogeneous
condensation may also concentrate volatile species in fine particles. The
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number of molecules of condensing species condensing per unit time on

the surface of a particle of size d, (number per second) in the free molecule
regime (Kn>1) is

172
= andi( 42 ) (G- ) @1)

2mm;

where C; is the concentration in molecules per unit volume and C,, is the

saturation concentration. The number of molecules condensing on par-
ticles of size d, per unit mass of particles is

F.

i -1

— L _xd (22)
r

[op(n/6)d}]

Thus the concentration of a condensing species on particles in the free

molecule regime is expected to be inversely proportional to the particle

diameter.

In the continuum regime. Kn<1, the number of particles and the
number of molecules condensing per unit time on a particle is

£, =27d,D(C;- C,) (23)

Thus the number of molecules of the condensed species per unit mass of

particles is inversely proportional to the square of the particle diameter, for
example,

F

i -2

— x4 24
(o (r/6)d}] 7 @9
Composition—size distribution data are available for a number of fly ash
species in particles larger than about | gm diameter, that is, the continuum
size range even at the highest temperatures in a furnace [11-17]. Davison
et al. [11] have shown that the concentrations of several volatile ash
constituents were well correlated with the particle size by the expression,

—~ 6C,

PpGp

which is consistent with adsorption on the particle surface. The data are
also well correlated by Eq. 24 as is shown in Fig. 8. The correlations of the
concentrations of the species that exhibited the most pronounced increase
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Flg. 8. Dependence of element concentration on particle size fly ash emitted from a
coal fired power plant [11].

in concentration with decreasing particle size are summarized in Table 2.
The linear correlation coefficients calculated using both .rr?odels are com-
parable for all species considered. These data are not suf fIClCI.lt to dxfferenl;
tiate between condensation and adsorption. Sulf ur is present in fl'ne fly as
particles in concentrations too large to be explained b)f adsorption alcfm;
so it appears that some species do condense [1 l_]. The existence 1~?f a sur :tl
layer containing high concentrations of .volaulc ash species as rlece 68)'
been confirmed by ion microprobe studies on la.rge.fly .ash partic es.[ J-
There are few data on the composition—size distribution for subrplcrc;ln
fly ash particles. Ragaini and Ondov [16] observed two pgaks in t g
number distribution, a sharp peak occurring at abou't 0.1 pm dlametgr ar}:
a second peak at about 1 pm. A number of species were found in the



Table 2. PARAMETERS DERIVED FROM SURFACE DEPOSITION MODELS

Davidson et al. [11]
Co+6C,/(p,d,)

C (rgg™")

Present Work

Linear
Correlation Coefficient

c=

Linear

c=a+b/d?

b(ug-pm?g~Y)

Co(pngem™?)

Correlation Coefficient

a(pgg™")

Element
Pb

0.73
0.80
0.93
0.99
0.92
0.97
0.60
0.98
0.94

0.04

0.003
0.007
0.002
0.004
0.009

0.6

0.58
0.7
0.97
0.96
0.98
0.98
0.59
0.99
0.99

530

53
54
43

55

20

30
17

Sb
Cd

10

0.7

110

2000
16000
2900
7200

Se

850

7400

As

6000

Zn

100
300

0.1

770

0.3

220

Cr
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smaller peak in much higher concentrations than in the larger peak. The
data are only qualitative, however, since neither the total mass loading of
the collected aerosol nor the quantities of particles larger than about 3 um

were reported.
The condensation of a volatile species onto the submicron ash can be

explored by a simple calculation. The rate of condensation onto particles
over the entire range of particle sizes can be described by using the Fuchs

and Sutugin interpolation formula [63], for example,

2d D,(1+K,)
F, = L2 (26)
(1+1.71K,+1.333K2)(C,- C,,)

The total deposition rate (molecules sec™' g~') of a species condensing at

a temperature T on an aerosol with a size distribution 7i(d,, ) is

(d.T) =f0°°F,(d,,.T)ﬁ(d,,.x)d(dp) @7)

The calculated condensation rate distribution of a species condensing on
particles with the size distribution measured by McCain et al. [1] is shown
in Fig. 9.

This result suggests that the majority of a species condensing at this
temperature would be concentrated in the submicron particles. If the

T T

DISTRIBUTION OF CONDENSATION FLUX AT T: 425
|- ON MEASURED FLY-ASH SIZE DISTRIBUTION OF McCAIN (1975)

dij
dlog dp
(molecules)
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Fig. 9. Calcutated distribution of condensation flux to the size distribution measured
by McCain et al. (1).
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condensation took place earlier in the evolution of the aerosol, the enrich-
ment of submicron particles would be increased because of the larger
surface area per unit mass of the smaller particles.

A volatile species that condenses by homogeneous nucleation would
probably be uniformly distributed over submicron sized particles since the
fine particles undergo considerable growth by coagulation. These fine
particles diffuse to the surfaces of larger particles, that is, F,ad,. Thus we
again find that the concentration of the condensing species on particles in
the continuum regime would be proportional to dp‘z.

8. SULFATE FORMATION

The particulate matter produced during coal combustion contains high
concentrations of sulfur [11]. As has been observed with other volatile
species, the sulfur concentration is greater in fine particles than in larger
particles. This may be due to the condensation of sulfur trioxide and water
to form a sulfuric acid mist. Although only a small fraction of the sulfur in
coal is oxidized to form SO, the sulfur trioxide has a major impact on
boiler operation and aerosol characteristics. Most boiler corrosion appears
to be related to the formation of sulfates from SO; [37). The sulfate
concentration of fly ash has a strong effect on its electrical resistivity and
thus on the collection efficiency of electrical precipitators. The fly ash
produced by combustion of low sulfur coals is difficult to remove because
of its high electrical resistivity. At some power plants that burn low sulfur
coal, SO, is added to the flue gases to improve precipitator efficiency.

Cullis and Mulcahy [38] have provided a comprehensive review of the
literature on sulfur chemistry and the formation of SO, and sulfates in
combustion systems, so we only briefly discuss some of the important
points influencing the formation of sulfate aerosols within a coal fired
boiler. Sulfur contained in fossil fuels is rapidly oxidized to form SO, in
the high temperature combustion region. Generally less than a few percent
of the SO, is oxidized to form SO, even in the presence of excess oxygen.
The thermodynamic equilibrium

favors SO; formation at ambient temperatures. In the presence of the
stoichiometric proportion of oxygen at atmospheric pressure, the
equilibrium fractions of the sulfur present as SO, rather than SO, at 575,
775, and 1275°K are about 1, 0.5, and 0.0, respectively. Increasing the
oxygen concentration two orders of magnitude changes these figures to
about 1. 0.95, and 0.02.
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The primary reaction leading 10.80, production appears to be
SO, +0+ M=S0,+M  Ahy = —83kcal mole™! (29)

Since the concentration of oxygen atoms is much bigher than its
equilibrium value within the flame front, SO, is formed in mugh greater
than equilibrium concentrations in the flame front [;32}]. ‘ThlS super-
equilibrium SO, concentration decreases toward the equilibrium value as
the combustion products cool. _ .

The equilibrium SO; concentration increases with dec.reasmg tempera-
ture, but the low equilibrium oxygen atom concentration prevents the
formation of SO, via the reaction in Eq. 29 at temperatures lower than
about 1375°K. Thus the homogeneous gas phase formation of SO, occurs
primarily in the furnace when temperatures are higher than this .Vflluc (Fig.
2). Catalysis by heat transfer surfaces of particles may facﬂua}e SO,
formation at lower temperatures in the convective passes of the boiler,

The total SO, formed by homogeneous chemistry in 2 f!amc geqerally
accounts for about 1% of the sulfur. Under normal comb.usnon'gondmons,
10-30% excess air, the conversion of SO, to SO, is insensitive to tbc
amount of oxygen present in the combustion. products as is shown n F'lg.
10 [69). The SO, concentration decreases rapidly, however, as the quantity
of excess air is reduced. .

Catalytic oxidation of SO, may occur on the surfaces of fly _ash partlcle§
in boilers. Ferric oxide and vanadium pentoxide are both efficient catalysts
for SO, formation. Other species present in the fly ash may reduce the
effectiveness of these materials as catalysts. The relative importance of
homogeneous chemistry and catalysis to the formation of SO, has peen a
source of controversy. The strong dependence of the SO, concentration on
the oxygen concentration in the range 0—3.% O, and the mgch weakf:r
dependence at high oxygen concentrations is the ‘strongesl Fvndence that
most of the SO, is formed in the flame. A cala‘lytlc mechanism would.bc
expected to produce more SO; with increasing oxygen cgncentrapog
beyond the 3% level. Moreover. the levels of SO, produced in coal fire
boilers are comparable to those produced in the absence of catalysts.

Sulfur dioxide may also react with ash constituents and metal su}"face?.
Sodium accounts for about 0.02-0.15% of the coal mass; potassium 18
about 0.08-0.3% of the coal [47]. These two species readily fprm sulfgtes.
which are the source of many of the corrosion problems m'coa]' fired
boilers. Sodium salts are completely converted to atomic sodium in lbe
high temperature regions of a flame. Sodium.imermediates may react wn%m
SO, or SO, to form Na,SO, in the flame, or it may be formed on sprface.s.
Sodium sulfite is formed under reducing conditions. The chemistry of
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Flg. 10. Effect of excess air on the formation of SO, in premixed combustion of
natural gas with 5.5 weight percent S as H,S. (After Ref. 68.)

formation of alkali sulfates and sulfites in flames is poorly understood.
Sulfur oxides may also react with other metal oxides, such as Fe,0, [70], to
form sulfates.

Sulfur trioxide in the flue gases increases the dew point to as high as
430°K. When the combustion products are cooled below this temperature,
SO; may condense with water to form sulfuric acid droplets. This con-
densation may account for a significant fraction of the fine particle mass
and cause severe corrosion when it occurs in the boiler or stack. Stack

temperatures are usually maintained at higher levels than the dew point to
prevent condensation within the plant.
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9. CONCLUDING COMMENT

This chapter has reviewed the current understapding of ;he _pr(()iceis:ls
involved in particle formation during th(.: combustion of pu ven;_e co r
Ash derived from the mineral matter in coa} accounts for t e:f majo
portion of the particulate matter produce‘d. It is als<_) t‘he source 0 bmar:));
potentially toxic constituents of the partlc{ulale emissions. Adnun;_ er]I
processes that contribute to fly ash formauf)n are summarized in 1g.h .
We have seen that the particle size distribution of ash' paruﬁclcs !arg;r than
about ! um diameter can be related to the coal parpcle size d1§m utngn.
This model was based on observations of ash par}lcle format:pn un eg
conditions similar to those occurring in convennonal.pulvenzcd' ?pa
combustion. New combustion systems may have much different emission
characteristics. If coal is burned at temperatures below thf: ash fusnon[
temperature, the mineral inclusions ‘in a burning goal particle tmay(eno
agglomerate. The size of the ash particles produced in such.a sys cr.xl; t'.g..
a fluidized bed combustor) may more closely re§emble the size distribution
of the mineral grains than the coal size dismbguon. Very high tgmpcratu;’g
combustion, such as in magnetohydrodyqan:ilc power generation, wou

inly increase the quantity of ash vaporized.
CeElt‘zllllenf)c/)rmation of sn?bmicron sized particles probably occurs by homog;—
neous nucleation of volatilized ash, soot, and‘sulfates as v»llell as byht e
breakup of burning coal particles. The relative cgntnbutlonskoé }: ess.
components can only be determined by further_ expenmenta.l \;vor . 1'02?11
cal analysis of the submicron aerosol can provide valuable informati
the sources of fine particles.
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Flg. 11. Processes that contribute to fly ash particle formation.
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Simple calculations have shown that condensation can result in substan-
tial enrichment of submicron particles with volatile species. The fraction of
a vapor that condenses on fine particles is a strong function of the particle
size distribution. The calculations were for heterogeneous condensation on
the aerosol present at the inlet to the electrostatic precipitator on a coal
fired power plant, This aerosol may contain sulfuric acid and water, which
condense at low temperatures. If these components contribute significantly
to the submicron aerosol, the surface area of submicron particles available
for condensation at higher temperatures is smaller than was assumed in
our calculations. The quantity of an ash component that condenses on
submicron particles may therefore be less than our calcul
The quantities of sulfuric acid and water contained in the fine particles is
not known. Measurements of the composition-size distribution of the fine
particles present upstream of gas cleaning equipment will be required to

determine the degree to which fine particles are enriched with volatile
species.

ations suggest.
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Coal Combustion Aerosol
Formation Mechanisms:
A Review

A. S. Damle. D. S. Ensor, and M. B. Ranade
Research Triangle Institute. Post Office Box 12194, Research Triungle Park, NC 27709

The composition and size distribution of particles
emitted by coal combustion sources depend upon
various mechanisms leading to their formation. A
review of current ideas about possible mechanisms for
formation of combustion aerosols is presented. Available

data regarding fly ush size distribution and elemental
concentrations in various size fractions were analyzed.
These data were qualitatively compared with theoretical
model predictions to indicate the relative contributions
of various mechanisms in the formation of aerosols.

INTRODUCTION

With the anticipated increase in use of coal for
clectric power generation. there is continued
concern about the atmospheric emissions as-
sociated with coal. Coal combustion is a major
source of particulate emissions into the atmos-
phere. Emission of fine particles in size range
0.1-5 pm in diameter have rejatively long
atmospheric residence times and may  affect
health and visibility. These particles are the most
difficult 1o collect by conventional collection
cquipment (Burchard, 1974; Shannon, 1974).
There is evidence of enrichment or preferen-
tial concentration of certain toxic trace elements
te.e.. As. Sc. Sh. Zn) in the finer fractions of
combustion acrosols (Davison et al, 1974;
Kaakinen et al, 1975: Ondov et al. 1979a. b:
Smith et al.. 1979a. b). This raises the question of
the respirable emissions from coal combustion
as & potential health hazard. The concentration
of these trace species increases with decreasing
particle size. Thus. it is important to characterize
these emissions to assess adequately their health
hazards and to facilitate their control.
Combustion acrosols may be characterized
by their size as well as their elemental com-

Acrosol Science and Technology L:T19-133 (1982)
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posiion.  Their characteristics depend on a
number of factors, such as the type and proper-
ties of the parent coal and the size distribution of
the parent coal particles being burned. The
composition—size distributions ol particles emit-
ted by coal combustion sources are also in-
fluenced by furnace design and operating con-
ditions such as temperature. The combustion
acrosols contain primarily inorganic matter
associated with coal but may also contain
unburnt carbon particles—sool. condensed ar-
omatic hydrocarbons, and sulfuric acid droplets,
The size and composition of these aerosols
depend upon the mechanisms leading to their
formation.

Limited data are available regarding detailed
size distribution and chemical composition of
coal combustion emissions. Careful analysis of
these data is necessary to understand the under-
Iving mechanisms involved in their formation.
An extensive review of particle formation in coal
combustion was made by Flagan and
Friedlander (1978). 1t is the purpose of this paper
1o analyze and qualitatively compare the data
published since this review.

A briel account of coal properties and overall
combustion processes is presented first, followed

119
0274-6K26/82/010119-15502.75



120

by a survey of proposcd particle formation
mechanisms. Available data are considered first
from a particle size distribution point of view,
Elemental size distributions are reviewed next.
Qualitative comparison of the data is then made
with the predictions from various mechanisms,

PROPERTIES OF COAL

Coal structure and composition have definite
influence on resulting emissions. The properties
vary greatly with coal origin. Even two samplcs
ol coal from the same minc may be significantly
different.

Distribution and Variability

Coal is distributed widely throughout the
United States in the Appalachian, Ulinois, and
Western basins. 1ts chemical and physical prop-
erties vary greatly from one region to another,
as shown in Table 1. The Eastern coals
(Appalachian and Illinois) are generally higher
in sulfur and iron, producing a more acidic ash
than Western coal. Western coal is gencrally

Damle, Ensor, and Ranade

richin the lighter elements and low in sulfur with
a more alkaline ash. Since an extensive study of
coal composition has been compiled by
Gluskoter et al. (1977), only a limited review will
be presented here,

Coul can also be classified by age, as shown in
Table 2. Generally, most of the coal consumed
for power generation is either bituminous or
subbituminous.

Coal Structure

Coal is a complex, heterogeneous, and variable
material. Incorporated within the fossilized car-
bonaceous material are minerals from the ori-
ginal plant tissue and silt deposited during the
formation of the coal. In addition, when the coal
seam is mined, overburden may be mixed with
the coal. Finkelman (1970). in a microscopic
analysis of coal. reported that the minerals are
dispersed in the coal with diameters ranging
down to the submicron region. Sarofim et al.
(1977) reported that the inorganic minerals are
widely distributed in size with a mean diameter
of 1 ym. In addition, clays composed of sub-

TABLE 1. Selected Coal Analysis for the Major Basins in the United States

Western
(28 samples)

Ilinois
(144 samples)

Appalachian
(23 samples)

Arithmetic Arithmetic Arithmetic

mean Min:maa mean Min:max mean Min:max
aluminum (%) 1.0 0.3 : 22 042: 3.0 1.7 1.1 @ 3.1
calcium (%¢) 1.7 0.44: 3.8 0.67 0.01: 2.7 0.47 0.09: 2.6
chlorine (%) 0.03 0.01: 0.13 0.14 0.01: 0.54 0.17 0.01: 0.80
iron (%) 0.53 0.03: 1.2 2.0 0.45: 4.1 1.5 0.50: 2.6
potassium (%) 0.05 0.01: 0.32 0.17 0.04: 0.56 0.25 0.06: 0.06
magnesium (%) 0.14 0.03: 0.39 0.95 0.01: 0.17 0.06 0.02: 0.15
sodium (%) 0.14 0.01: 1.60 0.08 — 0.2 0.04 0.01: 0.08
silicon (%) 1.7 0.38: 4.7 0.58: 4.7 28 1.0 : 6.3
titanium (%%) 0.05 0.02: 0.13 0.06 0.02: 0.15 0.09 0.05: 0.15
moisture (%) 18 4.1 :13.7 0.5 :18 2.7 1.0 : 6.8
volatiles (47) 44 33 :83 27 46 33 17 :42
fixed carbon (%) 46 35 55 41 6l 55 45 72
ash (%) 9.6 4.1 20 46 :20 12 6.1 :25
sulfur (2) 0.76 0.34: 1.9 0.56: 6.4 2.3 0.55: 5.0
heat value
(Btu/lb) 11,409 10,084:12,901 12 11,562:14,362 13,111 11,374:13.816

From Gluskoter eral. (1977).



Coal Combustion Aerosol Formation 121

TABLE 2. Composition as a Function of Coal Type

Component Anthracite Bituminous Subbijtuminous Lignite
moisture (%) 1.4 4.8 18.4 41.3
vol. matter (%) 6.5 323 338 23.0
fixed carbon (%) 79.5 S51.2 39.0 20.9
ash (%) 12.5 11.7 8.8 14.6
hydrogen (%) 24 5.0 59 6.8
carbon (%) 80.1 69.1 543 29.9
nitrogen (%) 0.8 1.3 1.0 0.5
oxyeen (%) 3.2 10.3 29.3 46.5
suifur (%) 0.8 2.7 0.7 1.7
heat value (Btuflb) 12,780 12,260 9140 5000
sulfate sulfur (5¢) 0.02 0.16 0.04 0.24
pyritic sulfur (5¢) 0.35 1.70 0.35 0.68
organic sulfur (%) 0.48 0.88 0.32 0.75

From Swanson et al. {1976,.

micron particles may be incorporated in the
coal. It appears from the rather limited studies
on coa! that the mineral inclusions are sub-
micron and vary over a wide range of sizes.
However. very few quantitative data on coul-
mineral size distribution exist. Major forms of
the minerals appear to be aluminosilicates with
pyrites, calcites, and magnesites in various pro-
portions (Gluskoter et al., 1981).

COMBUSTION PROCESS
Qualitative Description
Pulverized firing systems are most commonly
used for large modern power plants using coal
(Babcock and Wilcox, 1978). The crushed coal
from the mine is pulverized into a fine powder.
usually 100-200 mesh. The mean mass diameter
of coal particles may vary from plant to plant,
and the size distribution is usually very broad.
The pulverized coal is blown into the furnace
with carrier air. Coal particles are heated by
radiation and mixing with hot gases.
Combustion temperature depends upon percent
cxcess air. quality of coal, and effectiveness of
mixing. Temperatures up to 2000°C are usual.
Different coal particles may be subjected (0
varying temperatures due 1o differences in size
and nonuniformity in mixing.

A number of processes may occur during

coal-particle burnout. As a coal particle is being
heated, it may mechanically break up into
fragments because of thermal stresses induced
by internal fissures, cracks, and structural im-
perfections initially present (Flagan and
Friedlunder. 1978). Volaule [ractions originally
present in the coal or formed by pyrolysis are
vaporized. Chemical decomposition may take
place evolving gaseous CO,, SO., and SO,. A
particle may burst open from pressure generated
internally by evolution of such gases (Smith et
al., 1979b). A heated coul particle swells and may
become porous. The degree of swelling depends
both on the coal type und combustion
conditions.

The general range of behavior of solid par-
ticles during gas—solid reactions was discussed
by Levenspiel (1962), In extreme cases a coal
particle may either retain the ash layer as
burning proceeds inward or continuously shed
the ash layer as the particle burns and thus
shrink in size (Figure 1). The physical state of the
ash layer would depend upon ash temperature
and mineral composition. The shedding of ash
layer may be caused by the evolution of off gases
or by cracking or breakup of the particle.

Three temperature ranges that have varying
influence on the behavior of mineral inclusions
may be indicated. At low enough temperatures
the mincral ash inclusions may remain solid.
These inclusions may undergo chemical trans-
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a)

Unburnt Core
7

Coal Particle

Ash Layer

Coal Particle

N\
Shedding Ash

FIGURE 1. Two extreme types of coal particle
combustion: coal particle burning {a) at constant size
and (b) with shrinking size.

formations such as decomposition as well as
physical transformations such as sintering. A
medium lemperature range may be designated
as the one at which minerul inclusions may fusc,
thereby producing highly viscous molien ash. At
higher temperatures the viscosity of molten ash
is considerably reduced with increased fluidity.
The actual temperature vitlues for these ranges
would depend upon the mineral ash com-
positions involved.

The individual mineral inclusions, whether
solid or liquid. eventually form the resulting fly
ash particles. These inclusions may undergo
several physical transformations  modifying
their size distribution.

Coulescence  of  Individual — Mineral  In-
clusions.  Molten mineral ash inclusions pre-
sent on a burning coal particle may coalesce and
form larger ash droplets. For low combustion
temperatures, where the ash remains solid.
obviously there would be no coalescences, al-
though some sintering may take place joining
adjacent solid small particles. The higher the
temperature, the greater the extent of coales-
cence that may be expected. because of the
higher mobility of molien ash. The extent of
coalescence may be expected to be greatly
reduced with significant  shedding of ash.
Uncoalesced mineral inclusions and shedded
ash may eventually form fine particles.
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Bubble Formation. Molten mineral inclusions
may come together to form a liquid laver. Gases
may evolve within this layer so as to form
bubbles. At medium temperatures, because of
high viscosity these bubbles may remain stable
and form large hollow spheres or cenospheres
(Sarofim et al. 1977). At high temperatures,
however, these bubbles may burst open owing
to lower ash viscosity releasing fine molten ash
droplets (Smith et al., 1979b). Bubble-bursting
phenomena are not yet well understood, and
any conclusive evidence in support of this
mechanism has not yet been provided. Based
upon aqueous bubble-bursting studies reported
in the literature (Tomaides and Whitby, 1975), a
broad bimodal droplet size distribution may be
expected [rom such ash bubble bursting. Again
in this case. shedding of ash may be expected to
reduce the extent of bubble formation.

Evaporation and Condensation of Relatively
Volatile Species. An ash species may vaporize
depending upon the ash temperature, com-
position, and relative volatility of the species
concerned. The volatility of an element depends
on its chemical form in the ash. Thus observed
elemental volatilities mav be expected to be
different from pure eclement-relative volati-
lities. Because of the reactive atmosphere near a
particle surfacc. several chemical reactions are
possible modifying the volatility of a species. A
reducing or oxidizing atmosphere may prevail
in the vicinity of a coul particle, depending on
the mixing of gases, percent excess air, kinetics of
combustion reactions, and presence of an ash
lnyer surrounding the “burning front™ that may
introduce diffusional effects. Close to a particle
surface reducing conditions may be expected
whereas slightly away from the coal particle
oxidizing conditions may be present in the gas
phase. This model was proposed by Levenspiel
(1962) to explain solid gas reaction Kinetics and
is diagramed in Figure 2. The reducing con-
ditions near the particle surface may produce
more volatile, reduced species that would vapor-
ize. oxidize in the bulk gas phase away from
the particle surface. and subsequently condense
owing to the lower volatilities of oxidized
species. e.g., SIO (Sarofim et al., 1977).
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FIGURE 2. Reducing boundary layer at
the particle surface.
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The vaporized species may  condense
downstream upon gas cooling, either homoge-
neously forming new very fine, rapidly coagulat-
ing particles or hetcrogeneously condensing on
existing particles. The fine particles and particle
surfaces in general would then be preferentially
enriched with volatile species. The degree of
enrichment would depend upon the volatility ol
the species in question.

Homogencous condensation would resuit in
bulk enrichment of volatilized species in the fine
size fractions. Heterogeneous condensation, on
the other hand, would result in surface enrich-
ment of the volatilized specics. The enrichment
would be most prominent in the finer size
fractions because of their greater available sur-
face urca for condensation per unit volume.

In addition to these three major processes,
several other mechanisms are also possible.
Some fine mineral inclusions may remain sep-
arate without coalescing with others owing to
surface tension cffects or simply adequate spatial
separation from other molien inclusions. These
fine inclusions may eventually detach to form
fine particles. Extrancous clay particles that
adhere to the coal during mining and processing
may casily disintegrate, separate out. and pass
through the combustion process unchanged.
Some fruction of carbon may remain unburnt
and appear in the aerosols. Aromatic hydro-
carbons may vaporize und burn and partially
release fine carbon particles., or soot (Green and
Lane, 1964).

The minerals may form solid solutions and
may exhibit different properties as compared to

individual species in the solution. This ap-
parently affects relative volatilities of some
species. Thus, elements structurally incorpo-
rated into aluminosilicate matrix tend to show
reduced volatility, e.g., Na. A physical rearrange-
ment within the solid solutions similur to dissol-
ution and precipitation may also be possible in
varying temperature conditions.

Figure 3 presents a qualitative picture of what
might be happening during the combustion and
shows the multitude of processes that may be
occurring simultancously.

Particle Formation Mechanisms

Although a number of mechanisms of qualita-
tive nature have been proposed, a semiempirical
quantitative treatment has been developed for
two mechanisms.

Breakup Model. A detaiied account of this
model is presented by Flagan and Friedlander
(1978). The model considers melting of mincral
inclusions followed by coalescence as the com-
bustion front recedes. Each coal particle is then
assumed to yield a number P of particles of
equal size. Knowing the coal particie size distri-
bution. the mass fraction of mineral ash. and the
densitics of coal and ash fractions, an ash
particle size distribution may be predicted for a
given value of P.

The mean mass diameter of ash may be given
as adapted from Flagan and Friedlander (1978).

_ [ Pe -

D,,= =" Do
ashi P 0, voul (Il
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where The resulting size distribution, when com-
- . . ared wi s fine parti ¢ 1cCain et a!
D.,.. is the mass mean diameter of coal pared lht!k ine pdmc'? data of McCain et a.
() {1975). was found to predict an order of magni-
~ ) ) tude larger number of particles with a smaller
D, the mass mean diameter of ash (um),  mean diameter (Figure 4). Flagan (1979) later
Pe the density of coal (g.cm’). included accelerated coagulation due to inter-
0. the density of ash (g, cm?), particle  dispersion and nonhomogencous
P the number of coal fragments pro-

duced per particle. and

f the mass fraction of ash in coal.

Equation (1) is a simplificd view of the ash
formation process. The value of P is usually
considered 1o be between 3 and 5. Laboratory
studies by Sarofim et al. (1977) are consistent
with this model.

Since Eq. (1) implies that the ash forming
process from each coal particle is similar in the
breakup model. all resulting ash particles are
predicted to be similar in their physical. mor-
phological. and chemical nature. No expla-
nation of cenospheres or fine submicron par-
ticles is contained in this model.

Vaporization—-Condensation  Model.  This
model suggests a mechanism for submicron
particle formation. Basically a fraction of ash
{~ 17,)is assumed to be vaporized and homoge-
neously condensed to form primary particles of
the order of 10A in size. followed by coagulation
1o vield self-preserving particle-size distribution
within a lew seconds (Flagan and Friedlander,
1978). Such a process predicts a submicron
mode in particle size distribution around 0.1 gm.

FIGURE 4. Acrosol size distribution in the sub-

micron range.
1051 A Ensor et al. {1979}

7o v Ensor et al. {1981 b)
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mixing, which reduced the discrepancy but sull
predicted larger than observed fine particle
densities. Additional recent data {Ensor et al,
1979, 1981a} also showed similar discrepancies
between theory and experimental observations.

The model has some flexibility through the
empirical parameter —the fraction of ash vapor-
ized. This fraction would actually depend upon
ash mineral composition and temperature. The
model predicts a sharp submicron mode in mass
or number sizce distribution at about 0.1 pm.
Vaporization of species depends upon their
relative volatilities. Hence, such a submicron ash
mode formed by vaporized material may be
expected to be composed primarily of volatile
materials, and its composition may be expected
10 differ significantly from larger particles
formed in breakup. This model has also been
strongly supported by laboratory combustion
studies (Sarofim et al., 1977 Mims et al., 1979:
Flagan and Taylor. 1980: Neville ¢t al., 1980).

Other mechanisms that have not been quantii-
fied but have been justified by experimental
obscrvations are as follows:

1. Bubble formation duc to evolution of gases in
the coal particles. This mechanism has been
supported by the presence of large cenos-
phures observed microscopically by various
nvestigators. Laboratory studies by Sarofim
et al. (1977} indicated the mass fraction of
cenospheres to be dependent upon tempera-
ture and to peak at 6", at 1500 K.

2. Condensation of volatile species on existing
particles to produce surface layers cnriched in
volatile species.  Numerous observations
have indicated surface enrichments of volatile
species. especially on fine particles. The con-
centration ol certain volatile species has been
observed to increase with decreasing particle
size. Biermann and Ondov (1980) have re-
cently analyzed their surface enrichment data
to indicate a C 7 | 7 relationship.

Bubble bursting at high temperatures as a

source of fine particles with compositions

similar 10 the large-particle  parents

{Rumsden. 1969 Smith et al. 1979b). No

quantification of particle size distribution

[
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resulting from bubble bursting has been
made. Conclusive evidence for this mecha-
nism is yet to be provided.

These mechanisms may now be compared with
some of the available data regarding mass-size
distribution and elemental-size distribution,

PARTICLE SIZE DISTRIBUTION
Measurement Techniques

The measurement of aerosol size distributions
should be reviewed before examining the data
and comparing them to theories. The study of
experimental techniques is still a research ac-
tivity. Major problems with measurements and
data analysis include these:

a. Insitu cascade impactors have limited resol-
ution of particle populations greater than 10
pum because of wall and inlet nozzle losses
(Cushing et al., 1976; Knapp. 1980). Lower
cutpoint is usually limited to about 0.2 gm.
Impactors may have problem with particle
bounce and reentrainment. which is espe-
cially serious for lower range of cut sizes.

b. Extractive sampling to condition stack gas
for measurement by electrical aerosol ana-
Ivzers (EAA) and optical particle counters
introdluces a bias in the particles larger than 1
pam. Also, a large dilution of stack gas sample
is necessary to use these instruments. The
EAA data for combustion aerosol should be
corrected for cross sensitivities of neighbor-
ing channels (Markowski et al. 1980). The
sharpness of the submicron mode may also
be aflected by coagulation within the sam-
pling probe.

In gencral, conventional impactors are best
suited for the size range of 0.5-10 um, whereas
EAA has better resolution in the submicron
range. Diffusion batteries have also been used
(McCain et al.. 1975) for submicron ash analysis.
but this instrument doces not have cutpoints that
are as sharp as those of EAA. The smallest
cutpoint diameter of an impactor may be low-
ered further by operating the impactor under
subatmospheric pressurcs. Particles as small as
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0.02 um can be impacted under partial vacuum
because resistance from air molecules is reduced
(Pilat, 1978; Flagan, 1981). This technique was
successfully used by Ensor et al. (1981b) for field
experimental evaluations and in the laboratory
by Flagan and Taylor (1980).

Coarse Ash Fraction

Available data indicate that the majority of fly
ashis above | um in size with a broad peak in the
range of 3-50 pm diameter. The actual mass
mean diameter and shape of the size distribution
depend upon several factors. such as coal type
and composition and coal-particle size distri-
bution. The large diameter mode may be called a
JIv ash mode and is generally explained by the
breakup model. with P being the number of
fragments produced per coal particle as a variable
parameter. Laboratory data by Sarofim et al.
(1977) indicate that P ranges from 3 to 3. With
this model the mean ash diameter is given by Eq.
(1). In Figure 3 the literature data on coal ash

FIGURE 5. Mean fly ash particle diameter for
uncontrolled sources as a function of coal ash mass
fraction.
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concentration and mean particle diameter are
compared to curves predicted with Eq. (1)
(Ensor, 1980). The value of P was assumed to be
4 and p4p, to be ~0.5. Since all the data
correspond to pulverized coal-fired systems, the
mean coal particle diameter is expected to be
~ 80 gm. Only fair agreement with the model is
scen. Several reasons are believed to contribute
10 the differences.

1. The accuracy of impactor measurements in
determining ash size distribution may not be
sufficient. Usually data are truncated at 10
pum and extrapolated assuming a fog-normal
distribution. This approximation can lead to
large errors in mean ash diameter.

2. The coul size distribution is usually not

known accurately at the time of the impactor

measurements.

Usually some mass {raction of the ash is

composed of cenospheres (up to 3°,). Since

these are large particles with lower density. a

bias in the ash size distnbution may be

introduced.

4. The parameter P is assumed to be constant
for all coal particle sizes. However. it may be
a function of coal size and type. For a given
coal type. the mean ash diameter may be
reasonably expected 1o depend on mean coal
particle size.

5. Morphological analysis of a coal flyash
sample by Fisher ct al. (1978) indicated 11
major classes of fly ash particles. The breakup
model, on the other hand. predicts only
particles of similar physical and chemical
nature.

oo

Submicron Ash Fraction

Submicron ash usually makes up less than 2%, of
the total fly ash mass. The lowest cutpoint
diameter of u conventional cascade impactor is
about 0.2 ym. With a low pressure impactor the
cutpoint diameter can be lowered up 10 0.02 gm
(Ensor et al,, 1981b; Flagan and Taylor, 1980).
but the quantity collected on submicron stages
is usually too small to weigh accurately. As a
result. an impactor has limited sensitivity in the
submicron range. Much better sensitivity in the
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submicron range is obtained by an EAA or a
diffusion battery technigque.

A distinct submicron mass mode was ob-
served around 0.1 ym diameter when these
instruments were used for analysis. McCain et
al. (1975) found a broad submicron peak in
number distribution by taking measurements
with a diffusion battery. The peak reported by
McCain disappears when size distribution is
plotied on a mass basis. Sharper submicron
peaks were observed when measurements were
made by an EAA (Schnudt ct al.. 1976; Ensor et
al.. 1979; Flagan and Taylor, 1980: Markowski
et al., 1980). These data retained the peaks when
plotted on a mass basis. Peaks are especially
sharp when the data reduction process takes
nto account cross sensitivitics of neighboring
channels of the EAA (Markowski et al., 1980).
Ondov et al. (1979b) analyzed the impactor filter
samples with scanning elecltron microscopy
(SEM)and detected a mode at 0.16 pum. Particles
were sized and counted from SEM photographs
for this purpose.

These observations tend to support qualitat-
ively the vaporization—condensation mecha-
nism that predicts a submicron mode at 0.1 ym
due to coagulation. When the observed number
congentration of submicron particles from field
measurements is compared with theoretical
predictions. one or two orders of magnitude
discrepancies are seen (Figure 4). The agreement
1s much better for the laboratory data taken by
Flagan and Tavlor (1980). Part of the dis-
crepancies in field measurements may be ex-
plained by coagulation in the sampling probe.
The difference in the submicron distribution
data by Ensor ct al. (1979, 1981a. b) taken with
similar equipment and procedures at various
sites indicates a strong influence of coul com-
position on the magnitude of the submicron
distribution peak. Site-dependent variability
was reported by McElroy et ul. (1982).

ELEMENTAL SIZE DISTRIBUTIONS

Measurement Techniques
Several analytical techniques have been devel-
oped for the elemental analysis of 4 sample and
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have been summarized by Smith (1980). The
most commonly used techniques are

1. x-ray fluorescence analysis (XRF),

2. instrumental neutron activation analysis
(INAA),

3. atomic absorption analysis (AAA), and

4. x-ray photoelectron spectroscopy (ESCA).

The first three (XRE, INAA, and AAA) analyze
bulk or volume samples. whereas ESCA ana-
lyzes the surface. A sputter-etching technique is
normally used to remove surface lavers of
different depths and to expose internal material.
Sample preparation for analysis is of course
an important step. Size-classified samples are
required to determine clemental size distri-
butions and concentrations. Most commonly,
samples are collected on cascade impactor
stages for later analysis for chemical com-
positions. In this scheme a filter collects all
particles below the cutpoint of the last impac-
tion stage, usually 0.2 gm. With the low pressure
impactor it has been possible to collect samples
of particles down 1o 0.02 um; however, only
limited data using this technique are available
(Ensor ct al. 1981b). Since the low pressure
impactor has a larger number of stages, the
possibility of contamination due to larger par-
ticles bouncing ofl from preceding stages is
minimized. In a conventional impactor, with
fewer stages and a lowest cutpoint diameter of
0.2 gam, the larger particles bouncing off from
carlier stages are likely to contaminate the
submicron fraction collected on the filter.
Impactor sampling provides in situ samples.
Some analyses have also been made on bulk fiy
ash samples collected by control equipments.
This ash was later size classified by techniques
such as eclutriation to provide samples for
elemental analvsis (Ondov et al, 1978
Desrosiers et al., 1979: Smith et al.. 1979b}. This
scheme has been controversial. This procedure
would work well provided there are no physical
or chemical changes in accumulation and re-
dispersion of the fly ash samples. This is prob-
ably the case for lurger particle sizes. For small
particles, however, particle interactions are ex-
pected to become significant. Upon collection
and accumulation. small particles are likely to
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agglomerate among themselves to form larger
ones; they also may adhere to larger particles.
The smaller the particle is, the more energy that
is required to scparate it. With higher encrgy
abrasion of large particles, the generation of
“new” fine particles may become significant.
Thus redispersion of collected fly ash, especially
of the fine fraction, may introduce some meas-
urement artifacts.

Data Analysis

Elemental size distribution data are only re-
cently being investigated. and the techniques are
still in experimental stages. The limited amount
ol data therelore understandably shows varia-
tions te.g.. Klein et al.. 1975; Block and Dams,
1976).

Some broad generalizations may be made
from the data obtained on coalfired utility
boilers. Most of the mass of ash is composed of
so-called aluminosilicate matrix elements. These
include AL Si, Ca, Mg, and Fe, Na, K. and Tiare
also usually present in significant quantities. The
proportions of each of these elements depends
on the coal type used. These clements arc
generally found in all size fractions. including
submicron [ractions. in similar proportions.

Most of the data show distinct enrichments
of trace elements— As, Se, Sb. Zn, Mo, Pb, Ga,
and Cd—in the finer size [ractions. Enrichment
has also been reported for W, but the data are
limited. These may be called group 1 elements. A
second group of elements may be made which
show slight depletion or no change in elemental
concentration with respect 10 particle size. Thesc
include Al Si. Fe. Ca. Ti, Mg. K. Ce. Hf. and
other rare-earth elements. A third grouping of
clements includes those that show slight enrich-
ment or intermediate undeterminable behavior.
Also included in this group are those elements
for whom conflicting trends have been reported.
The group 111 elements include Ba, Sr. Ni. Cr.
Co, Mn. Na, U. and V.

These groupings have been made to indicate
general trends. Unusual behaviors have also
been reported. e.g. slight enrichment of Ca
{Ondov et al., 1979a). slight enrichment of Fe
(Smith et al.. 1979a). no change with Zn and Ga
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{Gladney et al., 1976), enrichment of Ti (Ondov
et al,, 1979b), depletion of Fe and of Ce relative
to Al (Gladney et al, 1976), etc. These observ-
ations and the conflicting reports for group 111
elements may be the effect of coal type, different
operating parameters (such as combustion tem-
perature), and inaccuracies involved in sampling
and analytical procedures.

Strong evidence of surface enrichments attri-
butable to evaporation of volatile species fol-
lowed by hcterogencous condensation have
been found by Linton et al. (1976), Smith et al.
{1979a, b), Hansen and Fisher (1980), Neville et
al. (1981), and several other investigators. Since
small particles have higher suiface area-to-
volume ratio, the enrichment is expected 1o
increase with decreasing particle size. From
simple geometrical considerations, Davison et
al. (1974) proposed that the enrichment concen-
tration of volatile species should be propor-
tional to 1,d, where d is fly ash particle diameter.
For the continuum regime, condensation in-
dicates ¢oc 1 jd” (Flagan and Friedlander. 1978).
Flagan found that both relations fit reasonably
well 1o data by Davison et al. (1974). Biermann
and Ondov (1980) found better agreement with
the [ /d” relationship when data are taken with a
cascade impactor of high resolution in the
submicron range. Data taken with a conven-
tonal cascade impactor are usually available
only to 0.2 um. Extrapolation of the above
relationship to the finer size range may be
potentially misleading as it would predict a
rapid increase in surface concentrations for
every volatile element. Such extrapolations by
Biermann and Ondov (1980) show that a par-
ticle of pure condensed material would have a
diameter of 0.045 uym. The data taken with a low
pressure cascade impactor (with a smallest
cutpoint diameter of 0.02 um), on the other
hand. indicated an absence of particles below
0.08 um (Ensor et al.. 1981b).

Contrary to findings by Biermann and
Ondov (1980) and others, data by Smith et al.
(1979a, b) indicate the concentration of most of
the volatile species in size fractions smaller than
I gm 1o be independent of size. There is definite
enrichment of volatiles in these particles com-
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pared with their concentration in larger par-
ticles. The concentrations have been shown to
increase as the particle size decreased from 10 to
1 um, where it levels off. These data were
obtained by scparating hopper ash, instead of in
situ impactor sampling as uscd by several other
researchers (Ensor et al. 1979, 1981 a, b
Biermann and Ondov. 1980). This discrepancy
may be explained as measurement artifacts, as
discussed earlicr. Smith et al. (1979b) suggest
bursting of bubbles as a possible mechanism for
the formation of such fine particles.

The effect of matrix structure and surface
segregation was pointed out by Stinespring and
Stewart (1981), They showed that, at the cle-
vated temperatures experienced during and after
the combustion process. diffusive transport of
the trace and minor elements 1o the surface of
the ash particles (1.e., surface segregation) could
contribute to the observed surface enrichment.
Such processes require residence times of several
hours at elevated temperatures to be significant
in combustion processes. However, such pro-
cesses may be possible after collection and
deposition of fly ash particles or in advanced
combustion processes utilizing fluid beds.

A common observation in the majority of the
field datais the presence of relatively less volatile
major matrix clements in the fline submicron
fractions. Thesc are seen cven in the ncarly
monodisperse submicron modes observed by
Ensor et al. (1979, 1981b). A submicron mass
mode is  qualitatively  explained by  the
vaporization- condensation mechanism, as dis-
cussed earlier. However. the submicron mode
may also be expected to be considerably de-
pleted in less volatile species. To explain the
presence of less volatile species like Al and Siin
submicron fractions, a reduction of the re-
fractory species Al, 05, S10,, and MgO to more
volatile reduced species A0, Si0, and Mg in the
reducing zone near the burning particle surlace
has been suggested (Sarofim et al, 1977,
Desrosiers et al.. 1979; Mims et al.. 1979: Neville
ct al.. 1980). The vaporized reduced species may
Iater oxidize in the oxidizing gas atmosphere
away from the particle. The oxidized species
would then condensc out, because of their low
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volatility, To predict resulting submicron ash
composition, kinetic data related to the listed
reactions and thermodynamic data related to all
compounds involved are needed. Such predic-
tions, made by Ulrich et al. (1977) for a cyclone
coal-lired boiler ash, were compared with ex-
perimental fly ash composition. Considerable
discrepancies regarding Al.O,, CaQ. and FeO
compositions were observed and were attri-
buted to the mixing of two sets of fine ash
particles, one originating by vaporization-
condensation and the other having composition
similar to large particles and entrained by some
other mechanism (Desrosiers ct al., 1979). 1t may
be pointed out that the presence of major matrix
elements in submicron ash may also arise simply
as an artifact of sampling technique. e.g., larger
particles bouncing off impactor stages onto the
filter.

Based on the vaporization mechanism, the
relative volatilities of the species in the three
groups may be expecled to be in the following
order:

aroup | >group 111> group 11,

Such an order. however. does not follow the
expectations based on the volatility data of pure
species or compounds. (Table 3 gives the boiling
points of the elements and their compounds,)
For example. Mg and K from group Il are
relatively more volatile than Ba, Sr. or Mn of
group 11 Also, it appears that for some specics
their specific chemical compounds need 10 be
formed to justify their relative high volatility.
Thus, for Ni and Mo, their carbonyls appear to
be the volatilizing species. Halides secem to be the
choice for U, V, Co, Cr, Sb. and Mn. The lower
volatilities experienced by Na, K, and Mg may
perhaps be explained if they arc considered to be
structurally incorporated into an aluminos-
ilicate matrix structure,

Laboratory studies under controlled con-
ditions by Sarofim et al. (1977) and by Flagun
and Taylor (1980) show much different results
compared with field studies regarding the be-
havior of major matrix elements. The role of
evaporation and submicron ash composition
were clearly shown to be a function of tempera-
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TABLE 3. Boiling Points of Elements and
Their Compounds

Species Boiling point (°C)
As 613 (sublimes)
Se 685
Sb 1750
SbCl, 283
Zn 907
Zn0 >2500
Mo 4612
Mo(CO)g 156
MoO, 1155 (sublimes)
Cd 765
Pb 1740
Al 2467
AlLL0, 2980
Ca 1484
CaO 2850
Si 2355
Si0 1880
$i0, 2230
Ti 3287
TiCl, 136
Mg 1090
MgO 3600
K 774
Ba 1640
BaO >2000
Sr 1384
SrO >3000
Ni 2732
NiO >3000
Ni(CO)4 43
Cr 2672
Cry04 4000
CO 2870
CoQ} >2000
Mn 1962
MnCl, 1190
Na 883
u 3818
ucl, 792
V 3380
VCl, 148

From Perry and Chilton (1973).

ture and reflect the effect of reaction kinetics and
relative volatilities of the species (Mims et al.,
1979: Neville et al.. 1980). More volatile Mg, Fe.
and Na werc considerably enriched. and Al and
Ca were correspondingly depleted. Results with
Si analysis indicated dependence upon coal type
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and structure. The nature and chemical com-
position of mineral species were found 1o effect
its reactivity and volatility. The work of Flagan
and Taylor indicated a large percentage of soot
(unburned carbon), as well as sulfur in the
submicron mode. The high concentration of Si
in submicron fractions observed in thesc labo-
ratory studies may be explained by formation of
more volatile SiO near the particle surface
because of the presence of reducing conditions.
The submicron size distribution observed in
Flagan and Taylor’s work is in good agree-
ment with that predicted by vaporization—
homogeneous condensation mechanism. Thus
the laboratory studies tend strongly to support
the vaporization-condensation model for sub-
micron particle formation.

CONCLLUSIONS

(1) The formation of fly ash particles larger
than 1 pm is reasonably explained by coal-
particle breakup and the coalescence of molten
grains of mineral matter during combustion.
Cenospheres caused by inflation of the molten
ash depend on the ash viscosity, but in most
circumstances it is only a small fraction of the
total ash on a weight basis. Laboratory data
suggest the parameter P in the breakup model
(indicating number of ash particles formed per
coal particle) to be between 3 and 3. The data
obtained from commercial coal-fired boilers
show only moderate agreement with the model.
This discrepancy may be primarily due to the
difficulty in obtaining accurate particle size
distributions above 10 pm in field tests.

{2) The physical particle size distribution in
the less than I pm range is qualitatively ex-
plained by a vaporization-homogeneous con-
densation mechanism. The most likely expla-
nation of the submicron mode observed in
various field and laboratory data is vapor-to-
particle conversion. Also. the concentration
variability of submicron particles is indicative of
a temperature and coal composition depend-
ence. The concentration of submicron particles
determined in field meusurements on commer-
cial scile boilers is. however, lower, often by two
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orders of magnitude, than the laboratory meas-
urements and theoretical predictions. Part of the
explanation may be the coagulation ol the
submicron material in the sampling systems
used in field tests. However, some of the field-size
distributions (Ensor et al. 1981a) obtained with
equipment designed to minimize coagulation
did not appear to be significantly different than
the other field data.

{3) The clemental size distribution from ficld
measurements on commercial scale boilers in-
dicates that the ash 1s mostly composed of so-
called aluminosilicate major matrix elements.
These arce generally found in all size fractions,
including submicron fractions, in similar pro-
portions. Thesc observations are not consistent
with a simple vaporization-homogeneous nuc-
Ication model for submicron particle formation.
Alternative mechanisms suggested for the for-
mation of such fine particles containing alum-
inosilicate matrix clements include (a) the pre-
sence of extrancous submicron particles not
associated with coal such as clays, (b) mineral
inclusions released as submicron particles with-
out coalescence (¢) the bursting of molten ash
bubbles releasing fine submicron particles, and
(d) the reduction of matrix clements at the coal
particle surface during combustion. producing
more volatle species.

The laboratory studies with controlled com-
bustion conditions indicate a  greater
concentration: particle  size  dependence for
major matrix clements than reported from field
tests. The laboratory results are consistent with
the vaporization homogeneous condensation
mechanism. with the enrichment and depletion
of a species depending on its relative volatility,
The enrichment of silicon in fine-size fractions is
considered to be due to formation of volatile
Si0O in the reducing atmosphere near the coal-
particle surface, while aluminum is depleted in
the fine-size fractions. The elemental size distri-
butions arc also found 1o depend on coal
composition. The laboratory particle separation
experiments have been conducted under con-
ditions to minimize measurement artifacts intro-
duced by impactors, which may have been
significant in ficld tests,
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(4) The observed particle surface enrichment
by trace volatile species over the whole size
range is generally explained by a vaporization-
heterogeneous condensation mechanism, The
enrichment is especially dominant in line-size
fractions owing to their higher surface area to
volume ratio compared 10 coarse size fractions.
The concentration of trace species increases with
decreasing particle size and is found to vary as
1, (particle diameter)” with reasonable accuracy
for limited data.
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pose, particles collected on the third and fourth plates
(4.6-7.1 pm and 3.0-4.6 um equivalent aerodynamic di-
ameter) of the Andersen stack sampler were examined
using a Coulter counter (Coulter Electronics Inc., Hiale-
ah, Fla.) in the timed analysis mode with a 100-um aper-
ture.

Milligram portions of the fly ash were dispersed in a
50% mixture of methanol in water and ultrasonically agi-
tated for 5 min before adding the suspension to the coun-
ter. When we assumed a particle density of 2.5 g/cm3 to
convert volume median diameters to approximate aerody-
namic diameters, values of 6.3 and 4.3 um equivalent
aerodynamic diameter were obtained. These indicate the
general validity of the aerodynamic size calibration data.

In this experiment there was no evidence of particle di-
ameter changing with time due to particle solubility in
the methanol-water mixture. Indeed, none was expected
since the particle matrices consist predominantly of insol-
uble aluminum and silicon and iron oxides, and soluble
species are relatively minor constituents.

Analytical Procedures. The analytical methods em-
ployed fall into two classes, those which analyze the fly
ash directly as the solid and those which analvze the sam-
ple in solution following wet digestion. The former meth-
ods retain sample integrity but involve calibration uncer-
tainties: the latter allow easy calibration but are suscepti-
ble to possible formation of analytically intractable com-
pounds during digestion.

Sample digestion was achieved by heating 0.5 gram of
fly ash, 3.5 ml of 3:1 concentrated HCI/HNO3 (aqua
regia). 0.5 ml water, and 2.5 ml of an aqueous solution
containing 48% HF for 2 hr at 110°C in a 25-ml Teflon-
lined Parr pressure bomb (Parr Instrument Co., Moline,
IlL). After it cooled, 2.5 grams of boric acid were added to
neutralize the HF. The small amount of black solid resi-
due remaining was removed by centrifugation and was
shown by spark sources mass spectrometry to contain
mainly Ca, F, and Al in addition to carbon. At least 95%
extraction of the elements of interest was achieved.

Atomic absorption analyses were performed by direct
aspiration of dilutions of the original digest for Pb, TI,
Cd, As, Ni, and Be. Air-acetylene flames were employed
for all elements except Be for which nitrous oxide-acety-
lene was used. A Jarrel Ash 8-10 dual-beam double mono-
chromator instrument was employed. Background correc-
tions were achieved by monitoring a nonabsorbing wave-
length within 40 A of the analytical wavelength. Se was
determined by its atomic absorption after conversion to
volatile HzSe according to the method of Schmidt and
Rover (15). Standard addition calibrations were per-
formed in all cases, and a precision of *10% was
achieved. )

The elements Pb, Be, Cr, Mn, Co. and Ni were deter-
mined by dc arc emission spectroscopy using a Baird-
Atomic 3-meter spectrograph. Samples coarser than 325
mesh (Tyler series) were ground to pass through a 325-
mesh sieve. One part by weight of fly ash was mixed with
four parts of spectroscopic graphite for 1 min in a Wig-L-
Bug mechanical shaker (Spex [ndustries). Spex mix A-7
pure graphite standards doped with 49 elements were used
for comparative standards. Approximately 50 mg of
graphite diluted sample were burned to completion in a
cup electrode operating with a 4-mm gap and 10-amp cur-
rent. Element concentrations were obtained with a preci-
sion of £30%.

The fly ash matrix elements Fe, Ti, Al, Si, Ca, K, 8§,
and Mg were determined using a vacuum-path, single-
crystal, Phillips X-ray spectrometer. All samples of nomi-
nal particle diameter >4 pm were ground further so as to
minimize surface sampling and inhomogeneity effects.
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The powders were suspended in propanol and dispersed
ultrasonically before deposition by filtration onto 0.4-pm
millipore membrane filters (76). Mineral standards pre-
viously calibrated against NBS mineral standards were
supplied by the Illinois State Geological Survey. K, radia-
tion was monitored for all elements and a vacuum radia-
tion path maintained for all elements except Fe and Ti. A
lithium fluoride crystal was employed for detecting Fe
and Ti, KDDT was used for Al, Si, Ca, K, and S, and ADP
was used for Mg. For this method, precisions of £5% were
achieved,

An AEI model MS-7 spark source mass spectrometer
was used for the qualitative determination of all elements
of atomic number greater than 11 and for quantitative de-
termination of Bi, Pb, Tl, Sb, Sn, As, Zn. Cu, Ni, Fe, V,
Ca, K, and Si. One part of fly ash was mixed by weight
with two parts of spectroscopic graphite for 5 min in a
Wig-L-Bug and the mixture pressed into an electrode.
Electrodes were manually positioned and sparked using a
25-usec spark duration and a repetition rate of 300 sec-?
at 10-6 torr source pressure. Mass spectra were recorded
photographically.

Internal standardization of the mass spectra was
achieved by referencing line intensities both to the Pb in
the sample and to 60 ug/g of solution-doped Au. The Pb
was determined independently by atomic absorption spec-
troscopy. The 197TAu* ion was at least two orders of mag-
nitude more intense than 181Tal60+ from source contami-
nation. Flement concentrations were calculated from the
expression by Farrar (17).

I- J‘” 2(1)
Cy=C, X [ _L:I Lst),
X St ISE A’Ist (I)x Ik (1)

where

I = peak intensity of ion beam

$ = isotopic abundance

M = mass

C = concentration

k = sensitivity factor for a given element relative to the
standard

St and X = internal standard and analyte quantities,

respectively

This expression assumes that the line width on the photo-
graphic plate is proportional to M/2 (18). Values of &
were determined by doping increasing amounts of Pb, Tl,
Sb. Sn, As, and Ni into the graphite before forming a se-
ries of electrodes with fly ash. For these elements, values
of k ranged from 1.0-1.8. For the remaining elements, k
was set.equal to unity, an assumption usually valid within
a factor of three (/7). Precisions of £20% were achieved.

Carbon present as SiC, FeC, and free C was determined
as COg after combustion with Oz on a V2035 catalyst (19).

Results '

Results of the fly ash analyses are listed in Tables I-111
for the technique considered most reliable for each ele-
ment. Sieved fly ash fractions are listed with physical di-
ameters, but all other fractions are represented in terms
of equivalent aerodynamic diameters. Fly ash particles
larger than T4 um (200 mesh. Tyler series) exhibited no
dependence of element concentration on particle size so
that the concentrations listed for this fraction are averages
over all larger fractions.

The 25 elements are classified into three groups. In
Table I are listed those elements exhibiting concentration
increases with decreasing particle diameter. These con-
centration increases. which were well above experimental
error and confirmed by at least two analytical techniques,



were consistently observed in a range of samples and wore
present in the airborne {ly ash collected from the ductirg.
Table II contains elements which showed concentration
trends only in the retained or in the airborne particle size
fractions or which, like V, Mn. and Be. exhibited nonuni-
form dependence on particle size. Table Il contains ele-

ments which showed no convincing trends within our ex-
perimental errors.

It should be noted that some of the values listed in Ta-
bles I-Ill show considerable deviation from the apparent
trends. Repeated analyses of duplicate samples indicate
that such deviations are essentially random and are thus

Table |, Elements Showing Pronounced Concentration Trends

Pb T Sb - cd Se As Ni Cr Zn
Mass fraction
Particle diam, um u9/9 S, wt % %
A. Fly Asnh Retained in Piant
Sieved fractions
>74 140 7 1.5 <10 <12 180 100 100 500 .. 66.30
44-74 160 9 7 <10 <20 500 140 90 411 1.3 22.89
Aerodynamically sized fractions
>40 90 5 8 <10 <15 120 300 70 730 <0.01 2.50
30-40 300 5 9 <10 <15 160 130 140 570 0.01 3.54
20-30 430 9 8 <10 <15 200 160 150 480 3.25
15-20 520 12 19 <10 <30 300 200 170 720 .. 0.80
10-15 430 15 12 <10 <30 400 210 170 770 4.4 0.31
5-10 820 20 25 <10 <50 800 230 160 1100 7.8 0.33
<5 980 45 31 <10 <50 370 260 130 1400 0.08
Analytical method
= = a a s 3 b V:\‘ e I
B. Airborne Fly Ash

>11.3 1100 29 17 13 13 680 460 8.3

7.3-11.3 1200 40 27 15 11 800 400 .

4.7-7.3 1500 62 34 18 16 1000 440 7.9

3.3-4.7 1550 67 34 22 16 900 540 .

2.1-3.3 1500 65 37 26 19 1200 900 25.0

1.1-2.1 1600 76 53 35 59 1700 1600 ..

0.65-1.1 48.8

Analytical method
d Bl a d d d d '3

e Dc arc emission spectrometry.b Atomic absorption spectrometry. - X-r